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CHAP. I. 

Of the plan and formation of a Rail-Iload for the use of 
Horse Power. 

The first thing to be determined in the formation of a 
Rail-road is the kind of power that is to be employed on it, 
whether horses, or steam engines. ' It is desirable not to 
use both kinds of power on the same road ; because the 
gradaation for each should be different, as will hefeafter ap- 
pear ;— ^because the slow travelling of horses will present a 
serious obstruction to the free operations of locomotive 
steam engines, compelling them frequently to turn out, 
and occasioning delay and inconvenience ; because a road 
for horses may be made of less strength and expensiveness 
than for steam carriages; and because the action of the horses' 
feet will throw dust and gravel on the rails, which if will be 
desirable to avoid on roads for engines, inasmuch as it in* 
creases the resistance, land the power required to move 
the wagons.* A further reason is, that the diist thrown on 
the rails, will be converted into mud, in wet weather, and 
win materially dhninish the adhesion of the wheels of the 
locomotive engine to the rails.t 

If the rail-road be intended for horses, it will then be 
proper to consider the choice of a route, between the 
two places to be connected by the road, and the mode of 
graduation which will be adapted to the most advantageous 
use of horse power. 

• Wood on Rail-roads, p. 74, t lb. p. 241. 
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6 TVeatise on Bail-Roads and 

In relation to this subject^ I shall propose a method^ which 
it appears to me^ may prove highly beneficial. 

We are without as accui^te experiments on the power 
of a horse^ and the most advantageous mode of its applica- 
tion^ as are desirable. 

A horse's power is estimated by the weight which he 
can draw perpendicularly upwards out of a well, by a cord 
suspended ov^r a pulley. Dr. Desaguliers estimates his ^ 
power at 2001bs. at 2| miles an hour, for 8 hours in a day : 
making 200lbs. 2Q miles in a day. 

Mr. Watt estimatei^ it at 150lbs. moving 2| miles an hour. 
Mr. Wood states it at 112lbs. 20 miles in a day^^ On the 
Backworth Rail-Road, the horses exert a power, in ascend- 
ing a plane of 2| miles, varying from 1131bs. to 3141bs. 
The average power is 1891bs. ; or it equals the power of a 
weight of 1891bs, suspended over a pulley. But in return-- 
iAg, less power is exerted. 

It may, on the whole, be fair to take Mr, Watt's estimate 
of 150lbs. as the average performance of a horse, travelling 
20 miles in a day, and, working every day, with an exertion 
varying from 50 to SOOlbs, but averaging 150lbs. ^ If his ex- 
ertion were constantly equal, his power would probably ap- 
proach near the estimate of Dr. Desaguliers. 

Having ascertained the average poWer which a horse can 
exert through the day, or for a 4^ertain number of hours, it 
is yet desirable to know what is the greatest force which 
he may occasionally exert for a short distance, without dan- 
ger of injury, so that we may fix the greatest declivity al- 
lowable, on a rail-road,* upon which certain weights are to be 
drawn. A horse, in England,, carried on his back 12321bs. 
eight miles without stopping. But, he caiMK^ by drawing, 
raise as great a weight perpendicularly, when suspended 

• Wood on Rail'RoadMj p. 236- — There is an evident error in Mr. 
Wood's calculation ; as he has taken the average draught for about 
120 miles ; in about 5 of which the horse drew no load at all, but, if 
no brake were used, must have exerted as great a force in holding 
back the load, as in drawing it forward in other parts of the road. He 
takes the performance of a horse on a hilly road as the same with that 
upon a level road. If this were correct, a level road would have no 
advantage over a hilly one. 
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over a pulley^ as he can carry on fais back. From sotne 
trials of the strength of a horse^ against that of men^ I should 
suppose the extreme weight a horse could rsdse by drawing 
(without the aid of any lever or other mechanical power)^ 
would be between 600 and 900lbs. The power generally 
exerted by dray and cart horses; on the steepest declivities 
in our cities^ is probably at least 406lbs. The horses on tiie 
Team Colliery Rail Road in England^ exert a power of 
3421bs. regularly^ on a plane of 500 feet in length. On the 
whole we may presume that 400lbs. is the greatest exertion 
that should be required of a hdrse^ in extreme cases> and 
on short distances. 

It is further desirable to know the rate of speed at which 
a horse can work most advantageously^ in other words^ whe- 
ther it is easier for him to travel two miles an hour^ exert- 
ing a force of 2001bs. on the load^ or four miles an hour^ ex- 
erting a force of but lOOlbs. — ^Professor Leslie supposes the 
greatest effect to be produced at four miles an hour^ or that 
a horse can draw more than half as much at that rate^.as he 
can at two miles an hour. Mr. Wood supposes that the 
greatest effect is at the slowest rate of travelling. The lat- 
ter supposition is probably the correct one. General expe- 
rience seems to have proved that the most profitable horses 
for draught are those which travel slow. It is reasonable to 
suppose that the fewer times a horse travels over a piece of 
ground^ to convey a cettain quantity of goods^ the better^ 
provided the draught is not so great as to strain him : be- 
cause the power exerted to transport his own body, is great- 
er than that which he exerts on the load. 

We will suppose then, that a horse's greatest effect can 
be produced in drawing at a speed of two mile^an hour, or 
that he will draw more than double the weight at that speed, 
which he will do at four miles an hour, working an equal 
number of hours in a day. 

A still further question 'remains^ as to the number of 
hours in a day which a horse can work with most advantage. 
Can he work 8 hours per day exerting a force equal to 
2001bs., with more, or with less ease, than he can work ten 
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hours per day^ exerting a constant force of 1601bs, ? — ^From 
8 to 10 hours is supposed to be the proper time for a horse 
to work : the more general and probably the mwe cinrect 
opinion is that it is not expedient to work a horse constant- 
ly for more than 8 hours in a day«^ On the Eillingworth 
Rail-Road, where the horses work through the day, it is 
found necessary to keep a spare horse, to four working 
horses, so that each horse rests one day in five. — Wood^ p. 
252. 

We will suppose, therefore, until more accurate prooSi 
are furnished, Uiat a draught horse will do most work tra- 
velling 16 miles a day in 8 hours, and that at this rate he 
^an exert a power of 2001bs. on the load, with as much ease 
as he could exert 1501bs. travelling 20 miles a day. 

The most advantageous mode of applying this power, if 
practicable, without increased expense, would be upon a 
road perfectly level. But on most routes a level road is im- 
possible ; and where it is not so, the expense of preparing a 
level road would generally be greater than the expense of 
road and transportation combined, on an undulating track. 
The cost of preparing^ the first 13 miles of the Baltimore and 
Ohio Railway, for receiving the rails, is nearly 50,000 dol- 
lars per mile, the road being nearly a perfect level, while 
2,000 dollars per mile would have prepared an undulating 
road.r^The interest on the difference of cost, would pay 
both toll and transportation on about 250,000 tons of coal 
per annum, at the rate chso^ged upon the Stockton and Dar- 
Ungton Railway*! 

It is therefore a great desideratum to devise a mode by 
which a horse can perform about the same amount of work 
on an undulating, as he could do on a level road. This it 
to be effected by^ graduating the road in such maimer that 
the power expended in ascents may be returned in propel- 
ling the wagons down descents and upon levels* To effect 
this, the horses must ride^ in a spare wagon, wherever the 
ground isdescending. .By doing so, the power required 

• Trcdgold considers (5 hours, the most advantageous, 
t About one cent per. ton a mil^. 
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upon an undulating road^ of the best graduation^ would be 
no more than on a level road^ it being an established principle 
in mechanicsi that a descending body will^ by its gravity^ 
exert all the power which was required to raise it to the 
hdght from which it descends. 

The reastance to be overcome on a level rail-road con- 
sists entirely of the friction of tiie wagons. Now suppose a 
roadto ascend for six miles distance at such rate ttMt the 
power required to ascend would be twice as much as that re- 
quired on a level road ; and suppose it then to descend for 
six miles at the same rate. The po wef required to over- 
come gravity on the ascent would just suffice to overcome 
friction on the descent: and if the horse were to ride down 
the descent^ the power expended on the 13 miles would be 
precisely the same as if he had drawn the same load 12 
miles on a level railway. But were he to travel down the 
descent^ the power required on the 12 miles^ would be 50 
per cent, greater than on a level way^ if we suppose that 
one half the exertion is Required to travel without a load^ 
which is necessary to travel with on[e. But if we suppose 
with Wood [Wood on Rail-Roads^ p» 92.] that seven eighths 
of a horse's exertion is expended in moving his own bodyi 
and only one eighth gienerally applied to the load> or that 
be will travel 7 miles, with a common load; as ea^ly as 8 
miles without one, then the labour of travelling the whole 
12 miles would be 87| per cent, more tiian if he were to 
ride in a spare wagon the six miles down the declivity. 
The only deductimi from this advantage will be the power 
necessary to draw up the ascent the empty wagon, for the 
use of the horses in descending. Yet in most cases, 
the extraordinary exertion required to hold back the wagons, 
on the steeper parts of the descent, or to travel fiEist, to keep 
out of their way, wbuld be more than equivalent to the la- 
bour of drawing the empty wagon up the ascent 

Under these considerations, such route and graduation for 
a road should be chosen as would enable a horse to exert 
his power most advantageously, and ride, without ificonve- 
nience, wherever the ground was descending. To prevent 
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the trouble of frequently changing the horses, from drawing 
the wagons, to riding in one of them, the descents should 
be as long continued as may be^convenient, interrupted on- 
ly by short levels or light ascents, which may be overcome 
by the momentum acquired by the wagons in their previous 
descent. The descent should be very gradual except for a 
short distance; for in descending a long way, that is steep, 
a greater velocity is acquired than is safe, and if the wagons 
be checked by artificial means, a part of the power expend- 
ed in ascending id wasted. 

If, however, the descent is necessarily steep, it should, 
when practicable, be speedily succeeded by a level, or by an 
ascent upon which the surplus power acquired in the de- 
scent may be expended. 

To understand the importance of this course, it should be 
considered that wagons descend a plane, subject to the same 
law that regulates the perpendicular falling of bodies through 
the atmosphere. If a plane be such that a wagon will de- 
scend 1 foot in the first second, it will descend 100 feet in 
10 seconds, and the distance passed over in the 10th second, 
will be 19 feet, or 19 times as much- as in the first second: 
And the descent will be 400 feet in 20 seconds, 39 feet of 
which will be in the 20th second, &c. The distance de- 
scended being, always in proportion^ to the square of the 
times occupied in the descent. The only limitation of this 
law^ arises from ^e increased resistance of the atmosphere, 
when the motion bex^omes rapid. This is theoretically true, 
and is proved to be practically so, by experiments made 
with wagons on an inclined plane. .Wood, p. 199. 

Bodies fall 16-^ feet perpendicularly through a vacuum 
in the first second. But on an inclined plane, if there were 
BO friction, the distance passed over in the first second 
would bear the same proportion to 16^ feet, as the height 
of the plane does to its length. Thus if the plane rose 1 
foot in 16-^ feet of length, the body would descend 1 foot 
on the plane in the first second. If the plane rose but one 
foot in 100, then the body would descend but j^th part of 
16jV feet in the first second. 
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Knowing the decKvity ofany plane^ we may ascertain the 
gravity of a body down it^ from which^ deducting the fricr 
lion of the carriages^ we can determine the time of their 
descent for any required distance^ and the degree of veloci- 
ty which they would acquire. 

The friction of improved carriages, as we shall hereafter 
see, may fairly be estin^ated, not to exceed lib. in 300; or 
not more than lib. will be required, suspended o^era pulley, 
to put a carriage weighing SOOlbs. in motion, on a level vl - 
railway. It would therefore require a descent of about 18 
feet to the mite for the wagons to move of themselves, their \ i 
gravity just overcoming their friction. We may then de- /^ 
duct the descent necessary to overcome friction, and de- 
termine the velocity of carriages down any plane, from the 
remaining descent. 

The velocity acquired by a body in descending any dis- 
tance, is, at the end of the distance, doable the average 
velocity of Ae whole descent. The. velocity acquired on 
any number of feet foil, is in proportion to the square root 
of the falling distance: and if we quadruple the descent, 
we double the velocity. Thus a body felling 16 feet in one 
second, acquires a velocity of 32 feet per second at the end 
of the first second; if it falls 64 feet, it acquires a velocity, 
of 64 feet per second ; and if it falls four times 64, or 256 
feet, it acquires a velocity of 128 feet per second, &c. 

The velocity per second acquired in any distance, is about 
eight times the square root of the distance, if no allowance 
be made for the Ksistance of the atmosphere* 

If a plane descend 34 feet in a mile, for wagcms haying 
a friction .of one pound in 300, we dq^uct near 18 feet for 
friction; leavii^ 16 feet for the operation of gravity. On 
such a plane 1 mile long, a wagon would therefore acquire 
a motion of 32 feet to the nSniftf, or about 30 feet, albwing 
for atmospheric resistance, being about the rate of 20 miles 
Ml hour. 

If it be desired that the motion shall in no Cftse exceed 
20 miles an hour,'in order to use power to the greatest ad- 
vantage, a plane descending 26 feet to the mile, should be 
no more than two miles in length ; a plane descending 34 
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feet per mile^ should be but one mile in loigth ; one 
descending 50 feet to the mi)e^ hallf a mile in length ; and 
one descending 72 feet per miie^ a qmtrter of a mile in length, 
A plane of an average descent of 20 feet per mile may be 
continued for any distance,* 

It is not expected that these limits can always be attained 
at an expense which Will not be more than efpiivalent to the 
advantages^ yet they should be kept in vtew^' and ap- 
proached as nearly as may be conveniently practicable. 

From Philadelphia to ^e ridge that divides the Cohes^ 
toga from French Greek is about 40 miks^ with an ascent of 
700 or 800 feet^ (according to the pkoe of crossing) and 
from thence to the Conestoga ^ear Lancaster is about 25 
Bules^ with a descent of 400 to 500 feet. The descent is 
gradual in both directions^ so that an average ascent and de* 
scent of 19 feet per mile might be attained fbr the whole 
distance} and horses might ride one half of tiie distance^ in 
travetfing both ways. The roule^ t(K>> would approach 
nearly to the most direct one between die eities, 
' In selecting a route for a rail-road for horses^ views (rf 
ti^is kind sbouI4 be operative. t . ' 

A second objeet Will be to avoid the erossing ^ streams^ 
requiring expensive bridges^ and^^eavy eiiibankments. The 
bridges^ and the embankments at the ends of them^ between 
Philadelphia and Lancaster^ on the Cohimbia Rail-Road^ will 
cost upwards of 3000 dollars per mile^ nearly two thirds of 
which might have been saved by* selecting the route above 
mentioned. The bridges oh the Baltimore road are still 
more expensivie; It is true the advantages of accommodat- 
ing a manufkcturing district may m^re than compensate for 
diis expense; but the above instances are mentioned in illus- 
tratkm of a general principle of ec^tKHny^to b^ applied where 
it is expedient. 

if many «treams are crossed^ ti^at regular graduation of as- 
cents and descents which is desirable where horses are to be 

• If friction be 1 ^ound to 300. 

t On the-MauGh Ch«ak Rail-way, the liortes or malea ride; but 
the descent is too great for profit^ for a horse could draw three times ' 
as many wagons up an ascent of 18 feet per mile, as up the Mauch 
Chuuk Rail Rofid. The horses also ride on a portion ctf the Stockton 
and Darlington Rail-way, in England. 
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usedy cannot be attained^ as every stream will form a ravine^ 
or will have a hill upon each side of it. 

It will be of great importance to select a route where the 
ground is firm^ and if practicable^ gravelly; as the artificial 
means necessary to make a proper foundation where the 
ground is of recent alluvion^ are very expensive, and can 
never be so perfect, for preventing the settling of the 
supports and the production of inequalities on the surfaces 
Qf the rails, as a far cheaper foundation, upon solid earth. 

It has been generally supposed, that the best course for ji 
rail- way, is to follow the valleys of streams. It may be so 
in some cases, where the course of the stream is tolerably 
direct, where the country is very hilly or mountainous, and 
where the great amount of transportation is between two 
points both situate on the stream, and the chief tonnage is 
in the direction of the descent. The conveyance of coal 
from the head of the Schuylkill to its mouth, may possibly 
present a case of this kind. But, perhaps, as a general rule, 
it is not expedient to follow the valleys of streams; for the 
course of the road must be very crooked, or expensive ex- 
cavation in rocks and abrupt hills will be* encountered. If 
the immediate valley of the stream is followed, the founda- 
tion will generally be bad; and if the sides of the hills near 
the stream be followed, deep ravines from tributary rivulets 
must be passed, by making a great inequality in the road, 
or by expensive bridges and embankments, to preserve the 
level. The ridges which divide different waters, afford the 
best course and foundation for a road ; and the best ground 
is found at or near the summits of such ridges, as it is there 
least broken by ravines. By following such ridges, a shorter 
route may generally be attained at less expense.* 

It is needful to know the degree of variety which may be 
admitted in the rate of graduation, without material incon- 
venience. What is the extreme acclivity that a horse may 
surmount^ without injury, /or a short distance, with the same 

• The Philadelphia and Columbia Rail Road rarely follows the 
valley of a stream on its whole route. Mr. Hopkins found the valley 
of the Conedoguinet Creek too crooked for the rail-way proposed to 
run from Harrisburg to Chambersburg. 

3 
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load which is proper for him to draw on the general route? 
We have already seen that a horse is capable, without in- 
jury, tif an occasional exerticm doubly as great ds the average 
exertion which is proper for him to make fo|* several sud- 
cessive hours. It will therefore require no diminution of 
the load, if a few places require such an exertion. Suppose 
then, the average ascent for several miles to be 18 feet per 
mile, with wagons having a friction of 1 pound in 300, then 
the friction and gravity would be about equa}, or there 
^^^Id be required double the average power which would 
be necessary on a level road. But if we increase the acclivi- 
ty, or steepness, it does not increase the friction of the 
wagons ; therefore, taking the above cases, we would have 
to treble the acclivity, in order to double the draught 

Therefore, omitting fractions^ 54 feetlshould be the ex- 
treme acclivity, where the average acclivity is 18 feet, and 
the friction is 1 pound in 300 ; and 81 feet should be the 
extreme acclivity, where the average acclivity is 27 feet^ 
and the friction 1 pound in 200. 

Then, on the average ascent, the power required to over- 
come friction, would be I, and to overcome gravity 1.— - 
Total 2. ' On the greatest ascetit, to overcome fricticm 1^ 
Ukd to overcome gravity 3.—- Total 4: or double that of the 
average. Thus we arrive at this 

RULE. 

On a rail road judieiouBly^conBtruchd for harupowety 
an occasionai aeclivity may be admitted^ three times as 
great as the average accUvity: and suck occasional aeciivity 
will not make it necessary to diminish the had* 

2. To what extent may the descent, where it is intended 
wagons shall run by their gravity, be interrupted by occa- 
sional levels or slight ascents? 

Wagons descending at a velocity of 20 to 22 miles 
an hour, will have acquired a momentum equal to that of 
a body which has fallen about 15 feet perpendicularly 
through the atmosphere. This momentum would raise the 
same body W feet perpendicularly if there were no re- 
sistance. 

Hence we find that any occasional level, or ascent, in the 



Digitized by VjOOQIC 



Internal Communications. lit 

coarse where the wagons are to move by their own gravity 
and moo^entumi must be of such length that the amount of 
friction and gravity combined^ will not equal the power re- 
quired to raise the wagons b perpendicular height of 15 
feet 

If the wagons have a friction of 1 in 300^ then a level of 
three-fourths of a mile will not cause them to stop^ if they 
have a previous velocity of 20 miles per hour : nor will an 
ascending plane of 18 feet rise to tiie mile, cause them to 
stopi if the plane be not more than three-eightlis of a mile in 
length* 

It will be desirable to have the declivity at the commence- 
ment of the descending ground, as great as can be any where 
admissible, in order that the wagons may speedily arrive at 
their requisite velocity* Afterward(» the descent should be, 
as nearly as practicable</that at which the velocity would 
continue uniform, or just sufficient for the gravity of the 
wagons to overcome their friction* 

From the foregoing observations we may deduce the fol- 
lowing general 

RULE. 

On a rail road for horses where an ascent is necessarily to 
be surmounted, if the wagons have a friction of l-300th part 
of their weight, the descent from the summit should com- 
mence at about 54 feet to themile, uid continue at that rate 
long enough to give the required velocity; after which the 
descent should continue as near 18 feet to the mile as the 
ground will admit 

An advantage of this method, not yet noticed, will be 
found, wherever the transportation, as is generally the case, 
is much greater in one direction than the other, by applying 
a greater number of horses on the part which is ascending in 
the direction of greatest transportation, and a less number 
where it is descending in that direction. 

For instance : if the tonnage, including wagons, be twice 
as great from Lancaster to Philadelphia, as from Philadel- 
phia to Lancaster, and the road can be made to descend gra- 
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dually^ from the summit^ in both directions^ and at the pro- 
per rate, then half as many hof^es will be required to per- 
form the work between Philadelphia and the summit^ as be- 
tween the summit and Lancaster^ and companies can so ar- 
range their business as to have the wagons which are taken 
by two horses from Lancaster to the summit^ taken by one 
horse from the summit to Philadelphia^ and back. Thus a 
saving of needless travel to the horses^ in addition to th^t 
befbre mentioned^ will be attained. Trains of wagons going 
in opposite directions may meet at the summit^ and the su- 
pernumerary horse will return with the other train of 
wagons. 

Suppose the distance to Lancaster by a rail road to be 
70 miles^ 40 of which are between the summit and Phila- 
delphia^ and 30 between the summit and Lancaster. Sup- 
pose two roads are made^ the one undulating for the whole 
distance^ the other gradually descending from the summit 
in both directions : the ascents on each road being such 
that the gravity and-friction are equal^ or nearly so : and 
the tonnage to Philadelphia being double that toward Lan« 
caster. Then take a number of wagons proper for the 
draught of twa horses on the ascent from Lancaster to the 
summit. The powier exerted by the horses on the load, 
would be precisely equal in both cases, whether the one 
road or the other Were travelled j biit the travel of the 
horses, or power exerted to move their own bodies, would 
be vastly different. 

On the undulating road the distance travelled in going 
and returning, would be 140 miles by 2 horses, equal to one 
horse 280 miles. 

On the gradually ascending road, the travel would be — 

2 horses from Lancaster to summit, 30 miles, ? ^^ .i 

equal to 1 hoi-se 60 riiiles, 3 ^" ^"^®* 

1 horse from Philadelphia to summit, 40 

Total, 100 miles. 

Making only 100 miles travelling in the one case, against 
280 miles in the other, the work performed being the same 
in both cases. 
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A further advantage in travelling the gradually ascend- 
ing and gradually descending road^ would be found in the 
carriage of passengers^ and goods^ requiring speedy trans- 
portation. Travellers desire to go faster than a horse can 
travel with ease to himself, or profit to his owner^ if the 
charges be moderate. By having the horses ride one half 
the distance^ any admissible rate of speed for that portion 
of the distance might be had^ so that the whole journey could 
be performed in less time. 

Again^ a horse can work advantageously but 8 or 10 
hours in a day ; but the driver may continue his easy task 
longer. The restings of the horse, during the descents 
made with rapid travelling, would consume about a suffi- 
cient time to make the number of hours worked the proper 
ones. Two hours time would be sufficient folr descending 
the same distance which a draught horse woilld wilk in S 
or 10 hours. 

The general route of the road having been determined^ 
from the foregoing considerations, the course, and mode of 
forming the foundation for the rails, in particular sections^ 
will depend very much on the amount of business to be 
done, and on the- question whether the tracks are to be 
<Iouble or single. 

It has been a frequent error in the forming of canals, and 
probably will be so in rail roads, to make the work too ex- 
pensive for the business which is done on the route. The 
consequence is that the stock is unprofitable, and the desire 
to render it productive causes so high tolls to be. exacted, 
that the total cost of transportation is more than it would 
have been on a less.perfect improvement. 

As rail roads may be made double or single ; winding or 
direct ; greatiy undulating, or nearly level ; and made of 
cheap or expensive materials ; they admit of a formation 
more proportionate to the business than canals. 

If a road is not to form the connecting link between great 
commfsrcial cities, and if there be neither extenlsive manu- 
factories, nor coal nor iron' mines on the route, the cheaper 
road will generally be the preferable Qne. 
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The excavation and embankmeDt on the most expenaire 
mile^ for the double mil way from Philadelphia to Colum- 
bia^ is estimated to eost 816,995 69, while that on the least 
expensive mile, is estimated at only 8399, being a difference 
of 42 to 1. The variations on Uie Baltimore and Ohio 
Road will be still greater. ^ 

Where the line of road is short, with an extensive busi- 
ness, a double way is preferable^ for the accommodatioa 
of wagons passing at all hours in contrary directions. But if 
the line be long, with a small bu^ness, a sii^le track will an- 
swer very well, as fixed places for meeting at particular 
hours can be provided,, so that the wagons going in oppo- 
site directions will not interfere* There are many parts of 
country where the business will not pay for a double road, 
and yet a single one might be profitable, and afford a great 
accommodation to the inhabitants. 

The expense of a cheaply constructed single way, will be 
less than half as much as that of a cheaply constructed dou- 
ble way: But the cost of a perfect single way is more than 
half that of a perfect double way. 

The reason of this difference is, that a more perfect road 
will follow the straighter course, and be more nearly levels 
consequently requiring I^eavy embankments at ravines, 
and deep excavation «t hills: while Uie less perfect road 
will pursue a winding course. to obtain gradual ascents and 
descents, and will therefore be carried iA a great measure 
upon the sides of hills. 

A high eo^bankment, or a deep cut, will cost nearly as 
much for a single as for a double way { because the width 
of cutting at the summit, or of embankment at the founda- 
tion, in such cases, will be &r greater than the width of 
the road, and the additional width necessary for a double 
road will bear but a small proportion to' the whole. . 

But where the road wi^ds upon hill sides with only ex- 
cavatioQ sufficient for a level foundation, the amount requir- 
ed for a double road will be nearly nine times as gi^eat as 
for a sin^ one.: For, allowing for the space between the 
tracks, the double way wiU require a foundatiaQ nearly 
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three times as wide as the single ane ; and therefore to form 
a levels the cutting next the hill must be nearly three times 
as deep^ making about nine times the quantity of earth to 
be removed. 

It \ will thus readily be seen^ that if a rail- way be single^ 
and of cheap materials^ it will become expedient to extend 
its length considerably^ by windings where a proper gradua- 
tion cannot otherwise be attained. But where it is double^ 
and of expensive materials^ it will be trtie economy to pur^ 
sue a more direct route. 

The shortness of the turns will materially affect the fex- 
ptnse in many cases. The wagons hitherto used will not 
admit of very short turns without difficulty; but when we 
come to the article ^^ wagons^^ we shall find that a kind has 
been invented which will probably obviate the inconveni- 
ence* 

Of the foundation of the Road. 

If the rails are not laid upon a foundation of sufficient 
firmness^ the supports soon settle unequally^ so that the 
rails become undulating^ requiring a very irregular draught 
from the horses^ and straining the wagons^ by the shocks 
they receive at the meeting ends of rails Df different slope* 

Therefore in preparing the ground it shouldi not only be 
made level crosswise, and of regular slope lengthwise, but 
of such materials, at least under the supports of the rails, 
that the regularity will be preserved. Wherever the 
ground is not solid, it is ^ecessary to build walls, or fill 
trenches, or pits, with broken stone or gravel, for the sup- 
port of the props upon Wl^ich the rails are to rest. Such 
ground is often found in the valleys of strums: but when 
the road follows a hill side, near the summit, a removal of 
the soil from the surface to a moderate depth, genehiUy 
lays bare ground of sufficient solidity for a rail way for the 
use of horses. Hence the importaflce of keeping the route 
as far as may be convenient, upon such ground, where the 
expense of preparing it to receive the rails is but trifling. 

Of the Rails 09^ their iupports. 
The ground having been pn^periy prepared, the question 
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of the proper kind of rails and supports to be used^ arises. 
Where timber is scarce^ and iron and stone abundant^ it is 
considered advantageous to use rails entirely of iron, sup- 
ported upon blocks of stone. Rail-ways of this kind may 
perhaps be expedient^ even in America^ if steam engines 
are to be used. But where horses are to furnish the power, 
it will genen^lly be an important object to have a cheap 
work: and consequently wood, or wood and iron combined, 
will be preferred. We will therefore consider only the 
latter in this place, and will speak of the former in treating 
of ways for locomptive engines. 

Wooden-rail ways have generally been made, in England^ 
by laying sleepers of 4 or 6 inches square, across the roadj^ 
at dii^tances of 3 or 4 feet asuiider, and fastening wooden 
rails 4 or d inches square upon the sleepers, by pins driven 
through the rails into the sleepers, in the manner shewn in 
plate 2. fig. 2, 

But the mode at present preferred, is to cut grooves or 
mortices, across the sleepers, and fasten rails into them, by 
means of wedges or keys, as shown in plate 2. fig. 7. 

The advantages of this mode are, that rails narrow and 
high may be used, and more firmly fixed than they could 
be by pins. This shape of rails is preferred to obtain great 
strength in the direction of the strain without a needless 
consumption of timber. There is less liability to split> in 
the rails, thai> if holes were bored through them; and if a 
rail be found defective, it can be removed by knocking out 
the keys, and a new one substituted without injury to the 
sleepers. If a sleeper become settled, the rail can be raised 
by driving a wedge under it, between the rail and the 
sleeper ; and if the rails get put of true laterally, they can 
be regulated by driving wedges of the proper width on each 
side of the rail. 

Locust or cedar wood is preferred fpr the sleepers, as 
being slow to decay. They are cut from saplings, or the 
large limbs of trees,* and hewn to a shape approaching to 

* For a ch€ap work chestnut sleepers split from the bodies of 
trees are used, one of the flat sides being laid downward. Their 
shap^ approaches to three square, or triangjular. 
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squareness* Their, cost, at Pottsville, is 8 to 10 cents each. 
They are generally placed at 4 feet distance from the cen- 
tres of each other: leaving about 3 feet 6 inches between 
the sleepers* 

The wooden rails are of sawed timber. White oak is 
considered the best. They are of different dimensions ac- 
eording to the views of the proprietors, or the weight of 
wagons to be used. Some ^re 3 inches wide by 5 in depth; 
some 4 by 6: The West Branch Road has them 4 by 7 
inches; and it is intended, on the Norwegian Creek Road, 
to have them 8 by 10 inches. The two latter roads are in- 
tend)^ to admit locomotive engines. 

The transverse strength of timber, according to Barlow, 
may be <^alculated as follows : — 

7b find the weight required to break a beam when sup- 
ported at both ends and loaded in the middle. 

RULE. 
Multiply the number in the following table of multipli- 
cands by the square of the depth in inches, and that pro- 
duct by 4 times the breadth in inches.' Divide the last pro- 
duct ^y the length in ii^ches, and the quotient win be the 
weight But if the beam be fixed at the ends, one half 
must be added to the weight. 

Table of Multiplicands. 

English Oak, - - 1426 

Canadian do. - - 1766 

Ash, - - - ^ 2026 

Beech, - - - 1656 

Elm, - - - 1013 

Pitch Pine, - - - 1632 

Red Pine, - — - 1341 

Fir, - - - - 1100 

Larch, - - - 1127 
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Example. 
What weight will break a beam of Cwa^dian 0^.3 ii^ch- 
es bipoad^ 5 inches deep^ and 3 feet § inches between the 
props? 

1766 X 25 X 12 _ ,4 ,^^^ ^^^^^^ 
42 . ^ 

If the ends be fast (as in rail roads) the pounds required 
will be 18,921 — or upwards pf 8 tons. 

Two thirds of the above weights ar^ considered saf6 for 
permanent loads. 

As wagons weighing with their loading about two tons, 
will generally be used on rail ways for horses, the load cm 
each wheel being | a ton and in no case over' a ton, and as 
but one wheel will at one time rest between two sleepers, 
it will be seen that timber 3 by 5 inches, whatever the kind, 
is of strength amply sufficient, if the sleepers are Sufficient- 
ly near; and this has been experimentally proved by prac- 
tice. 

On some roads, wooden rails without any covering of iron, 
except at crossing places aiMl curves, are still used. Where 
the business of a road is small, and timber abundant, it may 
be expedient to save the expense of iron, Itf other cases 
iron plates should be used, to protect the timber from wear, 
as well as to render the motion of the wagons somewhat 
easier. 

For these purposes plates of rolled iron are used, varying 
in dimensions from | of an inch thick,. by 1^ wide, to | an 
inch thick, by 2 inches wide. The former will answer for 
a rail road for horses. If the business is extensive, the iron 
should be | thick. 

If the rails be of white-oak^ the iron may be fastened by 
wrought iron nails 3 or 4 inphes long. But if the wood be 
not df a firm texture, the nails are apt to become loose and 
start upwards, so as to require frequent attention in driving 
them. In this case occasional bolts should be used, passing 
entirely through the wooden rail, and fastened by a nut and 
screw. 
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The rails having been laid, andi ironed, if to be so, the 
horse path is to be formed. • For this purpose, gravel or 
broken stone is filled in between the rails, so as to cover the 
sleepers,^ and afford a dry and firm path. This can be done 
at little expense, if th^re be ^avel on the route, as all the 
rest of the work being first finished, it may be conveyed, 
along the line in wagons, on the rail road* } 

It is better to make the horse path outside the rails than 
between them, as it will exempt the work from the jarring 
occasioned by the. action of the horses' feet oh the sleepers, 
and will ^Ilow the rails to be left clear of earth, so they will 
decay less rapidly. On the Mauch Chunk Wa^, the. path 
has been x^hanged from between the rails to the outer side. 
Some expense of bridges and embankments may be saved 
by thi9 mode, as the rails may be supported on posts over 
small streams. 

Of the mode of Crossings or turnings out on Bail' Whys. 

It is necessary op a single rail-way to have methods of 
turning out at the places of meeting, and on double ways it 
is necessary to cross from one track to the other, to pass slow 
travelling carriages. 

The method is very simple and easy. 

Plate 2, fig. 11, shows a method of crossings on a single 
rail- way by which each carriage, going in opposite direc- 
tions, will take the right hand track, and afterwards return 
without any care. 

Fig. 14, plate 2, shows the crossings on a double track. 

Ab the places of crossing, there is a moveable pointed rail, 
as seen in plate 2, fig. 15, which being moved laterally 
against the side Of the oilter rail shown in the same fig. will 
shut up the direct passage and oblige the wagons to turn 
into the other track; When it is wished that the wagons 
should pursue the direct route, the passage between the 
pointed rail and the main rail is left open. 
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Of Expenses of Road and Transportation. 
It is difficult to calculate the general expense of a good 
Rail Road; without a previous examination of the route^ as 
the cost may vary from 84000 to 250,000 per mile, for a 
double track, nearly straight and level. But when it is in- 
tended to have a single way of cheap construction, with the 
course accommodated to the nature of the ground, we may 
come very near the expense by knowing the price of tim- 
ber and iron : as the excavation in' such case will be tolera- 
bly uniform, and will generally not exceed, in the. average, 
double the quantity necessary to form a suitable level for a 
road wihiing on a hill slope of 22| degrees. 

The cheaper single rail-ways of wood in Schuy^ll coun- 
ty, have been made by contract, at a cost of two dollars a 
perch, or 8640 per mile, including every expense of exca- 
vation, rails, and horse path, and they have been plated 
with iron at an expense of about K500 per mile. 

The following may be a fkir estimate for a single track of 
a moderately cheap kind, exclusive of bridges and drains : 
Excavation and embankment for a foundation 8 feet 

wide, 3409^^ubic yards, atS cents,* 272 OO 

1320 sleepers, at 8 cents each, 105 60 

Rails 3 by 5 inches, of oak, 12,880 feet of timber, 

at 812 per M.f 
Wedges to fasten the rails. 
Preparing sleepers and laying rails 
Occasional walling and broken stone for foundation, 

&c. 
Grubbing, exclusive of value of timber, 
Gravelling horse path. 
Total, exclusive of culverts and bridges, (to 

be estimated according to the route,) 8882 19 

* The cost of excavation 'where it is but of little depth, isbtit 6.o^ 
7 cents per cubic yard ; but wh^re of great^ depth, it is 17 cents per 
cubic yard, owing; to the difficulty of removing the earth.— -See Ma- 
jor Wilson's Reports. 

t The cost of timber in some places *will not be one half the aboye, 
in others it will be double. 
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Brought Qver/ 8882 19 
The above is for a wooden rail- way. If jplated 

with iron the expense for iron.^ ^7 ^\ ii^ch may 

be estimated thus :-— 
Five tons iron at S75, 375 00 

. Naiisi 40 00 

Total, »1297 19 

If the iron be of larger dimensions, the expense can be 
calculated accordingly. 

The transportation on such a road, if formed with ascents 
and descents upon the principle l^efore mentioned, and with 
equal tonnage in both directions, may be reckoned as fol- 
lows: — 

If the horses exert a power of 200 lbs;, and travel but 16 
miles in a day, they will draw 13 tons to ^ach horse up the 
ascent above mentioned, and riding 16 miles, the perform- 
ance of each horse will be 13 tons, 32 miles, equal to 416 
tons 1 milef in 1 day ^ for 1 horse .^—friction being 1 lb. in 
300. This load includes the weight of the wagons. 



CHAP. IL 

^ Of the Plan and Formation of a Rail- Wat fAb 
LocoMOTiyB Engines. 
1. Of the Route. 

For purposes of economy, the views which have been 
urged as proper in selecting a route for a rail- way for horses^ 
should, in some measure, prevail in the choice of one for 
steam engines. Numerous streams, and. the ravines occa- 
sioned by them, should be avoided, unless there are mills on 
them which will furnish business for the road to a yery con- 
siderable amount 

It is however by no means so important for locomotive en- 
gines, to preserve long continued ascents and descents. On 
the contrary, a level road being impracticable at a rea8<mable 
expense, one composed of short undulations may be considered 
preferable to one of long continued ascents and descents, as 
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the capacities of the steam engine are such^ that a fund or 
reservoir of steam may be accumulated^ while the engine 
and wagons are descending a declivity of moderate length by 
their own jgravity, to enable the engine to surmount the next 
ascent with vigot* and i^peed. But if descents are very long 
continued^ the fire must, be allowed to go down^ or the 
steam to be wastfed, by escaping at the safety valve. 

As it is more difficult to constitute the carriages for steiam 
engines than other carriages, so as to make short turns, with- 
out strain and injury both to the carriage and rails, it is the 
mor6 desirable to make a Straight road. 

Hence it has always been considered a desideratum to de^ 
vise a^mode by which engines can ascend stfeep acclivities, 
and it has been an inquiry of interest^ what rate of ascent is 
admissible. To overcome ascents, various plans have been 
devised, one of which, by Mr. Blenkinsop, at jthe Middle- 
ton Colliery, near Leeds, was to obtain the progressive mo- 
tion of the engine by means of a large cog wheel, running 
in a toothed or rack rail. See plate 1, fig. 3. This tnode has 
been many years in use ' on the road from Middleton to 
Leeds. Another method was that of Mr. Chapman, of a 
chain fastened to the summit of the hill, and des6ending to 
its foot, by means of which the engine ascended, aided by 
cogs tunning in th& links of the chain. 

But the expensiveness of these methods, and the increas- 
ed friction they occasion, has prevented their general use; 
and it i^ considered preferable so to graduate the road that 
the carriages will ascend ty the acthesidn of the wheels. 
For when these whcek are movfed by the engine, they must 
slip round on the rails, or must roH forwards j and whenever 
the load ^nd ftscfent require less power to ascend than is 
equivalent to the frfctilon wMch wouH arise from the sKp- 
piBg of the wheels on the raib, the carriages will proceed 
onwards; but if the load, or gravity, exceeds the friction 
whieh WbuM arise fitom the slipping of the engine wheels on , 
the rail, then the? carriages wiH stand stiff, the engine cJwr- 
riage whecb being moved round without proceeding for- 
ward. 

It is necessary therefore to ascertain what is the amount of 
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adhesion to the rails^ and in what way the greatest adhesion 
can be attained ; and then graduate the road accordingly^ 
so that the proper loads may be carried. 

Mr. Wood^ in his treatise on Rail-Roads^ p. 24^, 345, 
and 246, has given it as a maxim of general application, 
that the adhesion of the wheeh to the rails is in proportion 
to the weight of the engine. And it was probably upon , 
this suppositi(m that tlie proprietors of the Stockton and 
Darlington Railway were induced to use engines weigliing 
near 13 tons. But Mr. Wood^s position is very erroneous; 
at least in its practical application. 

It is true that the friction, or resistance, would beinpro-- 
portion to weight, if the rubbing surface, or diameter of the. 
rails, and rims of the wheels, were always increased, pro- 
portionately with the weight. But this was not contem- 
plated. 

Recent numerous and interesting experiments on friction, 
made by Mr. -Gieorge Rennie of the Royal Society, London, 
will set the subject in a clear Kght. 

He tried various metals sliding over a level surface of 
metal, until the two surfaces abraded each other; and ascer- 
tained the proportion of friction to weight, with different 
weights upon each square inch of rubbing surface. 

Tlie following are thc5 results of cast iron upon wrought 
iron. 
Weight upon I inch area of rub- Proportion of friction to 
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At 6.33 cwC. on the square inch; the iron was abraded. 

It appears; frofn these experiments^ that the adhesion of 
iron surfaces is not always in proportion to th^ weight press- 
ing pn them; but depends also on the proportion of weight 
to rubbing surface: That the adhesion with about 131bs. on 
the square inch is less than 16 per cent on the weight; 
while with 7091bs. on the inch; the adhesion amounts to up- 
wards of 43 per cent on the weight; ^nd no greater adhe- 
sion than the latter can be x)btained. 

As it will not be dei^ired to destroy the wheels and rails 
by abrasion; it would seem that no increase of weight be- 
yond 7091bs. on each inth of the. surface of the wheels in 
contact with the r^ils; would be of practical utility for pro- 
moting the locomotion of the engines. Yet; as mud upon 
the railS; in wet weather; acts in some, degree like oil; in 
diminishing adhesion; a load of lO.cwt on the inch might 
be desirable at dome timeS; to obtaiii the ^eatest practicable 
adhesion without abrasion. It would seem that any increase 
of weight beyond this amount; would be positively irijuricws; 
as the additional weight of the engine to be moved up the 
ascent; would diminish; to the same extent; the power of 
drawing w&gQns attached to it 

The amount of adhesion for practical purposes; is there- 
fore a fraction over 43 per cent, on 7691bs. or amounts to 
305lbs. upon every inch of surface; on the wheels^ in con- 
tact with the rails. 

If we suppose the surface on each wheel; in contact with 
the rails; to extend Half an inch lorigitudihally on the rails; 
owing to their deflexion under the weight of the engine; so 
that if the wheels are two inches wide we have 1 inch of 
surface, to each wheel; in contact with the rails j then we 
arrive at the following conclusions. 

1. On rails two inches wide we obtain an adhesion equiv- 
alent to 305lbs..for each wheel of the engine; which is so 
conrfected with the machinery that it must revolve when the 
engine is in motion. 

2. On rails 3 inches wide, we have an adhesion of 452ilbs. 
to each wheel. 
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* • . ' 

If the engiue carriage have 6 wheels property connected 
with the machinery^ the total adhesion will he 2745lbs. if 
the raib ftre 3 inches wide j or ISaMbs. if they are 2 injches 
wide, ; ^ 

If the engine carriage have but 4 wheels^ qpnnectdd wd 
revolving with the machinery^ then the adhesion will be 
1830lbs« on rails 3 inches wide ; and I2S0lbs. on rails 2 in^ 
cheswide. 

That these re^uka are within bounds may be presumed 
from an experiment of Mr. Wood (Wood on Hail-roads p. 
S43), in which he found that an engine having 4 wheels^ 
adhered to rails 2^ inches wide, with a force of ISlOlbs. in 
4ry weather ; or raked as great a weight, including that of 
the engine^ up aji ascent of 1 foot in 100, as would be raised 
by ISIOlbs. sust>ended over a^^ulley. 

From thes^ premises, it follows that the greatest weight 
of engine, and water in the boiler, desirable for purposes of 
locomotion, if the engine have wheels, is 4| tons, on 3 inch 
rails; or 3 tons on 2 inch rails: Or if the engine have but 4 
wheels, the weight of the Engine should be 3 tons on 3 inch 
rails, and 2 tons on 2 inch rails. ' '^ 

Suppose then it be intended to produce the greatest ef- 
fect in overcoming ascents, for which purpose the engines 
Mre to have 6 wheels, and weigh 4| tons, the rails being 3 
inches wide. 

It will be desirable to have the weight carried, amount, 
in ali, to ten times the weight of the engine, or 45 tons, in- 
eluding the engine; as with such a weight, the engine may 
have an average speed of at least ten miles an hour. 

The weight being 45 tons or 10d,8001bs. tiie friction of 
the wheels, if at lib. in 300, will be3361bs., which deducted 
fttm 18301bs. (the adhesion of the wheels) leaves 1494lbs. 
the power to be applied to overcome the gravity of the car- 
riages on an ascending plane. The Weight 100,800lbs. be- 
ing divided by the power, 14941bs. gives, a quotient of 
^'^TTffT* 5o that the power will raise the load up an ascent 
of 1 foot in &7\ feet nearly ; equal to an ascent of 79^ feet 
to a mile. 

5 
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Whenbe we may deduce this general 

RULE. 

If the whole weight of Engine carriag|es and load^ be 45 
tons, with six wheels to the engine, or 30 tons with four 
Wheels to th^ engine, the engines weighing 4| tons in the 
former case^ and 3 tona in the latter : then the greatest ad- 
missible ascent will be 1 foot in 67 1 feet or 79| feet in the 
mile, the rails being 3 inches wide. 

If the rails be narrower, or the ascent greater, the load 
must be reduced nearly ih the same proportion, a small al<- 
lowance being made for the saving ^f friction by the less 
load. . . 

The ultimate conclusion is, that occasional ascents, of any 
rate not exceeding 80 fpet to the mile, are admissible^ in 
the direction of greatest transportation. 

If the transportation is chiefly in one direction, the as- 
cents i^ the direction of the empty carriages, may be con*- 
siderably greater, according to the proportion of tonnage iA 
that direction, compared with the other. As a general rule, 
asdents of 1 in 50, or 105 feet to the mile, will be admissi^ 
ble in the direction of least transportation.* 
. I am ^ware that in England it has been fouiid that an en- 
gine would draw something less than half the weight up a 
plane, when the weather was damp, and the rails covered 
with mud, which it would do when the weather was quite 
dry, or quite rainy. 

This difference is due partly to the increased resistance 
which the mud occasions to the motion 6i s^ll the wagon 
wheels in the train, and partly to the diminution of adhesion 
of the engine wheels, produced by the mud acting as an un- 
guent. J 

But as the weather, in America, is generally either dry or 
absolutely rainy ; as the rails can be kept free from dust, and 
the mud which it would make, by a simple mode/^which wiM ^ 

• By admissible, I do not meafi expedient, unless iii some peculiar 
cases. These calculations are based upon wagons whose Oictionis 
^tuth part of their weight. A reduction of friction wiU make an al- 
teration of graduation expedient* 
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hereafter be mentioned ; and as the load above allowed to 
be drawn by the engine^ viz. ten times its weight, is much 
greater thaa is usually calculated, we may still conclude the 
foregoing graduation to be admissible in extreme cases. 

Having ascertained the practical rate of ascents for lo- 
combtive engines, it will become a question what kind of 
graduation is the best. 

. 1. Shall a \^inding course of increased length be chosen, 

to avoid hills, or at least abrupt ascents ? 2. Shall a straighter 

course be pursued by passing, through hills by deep cuts 

. or, tunnels? 3. Or shall the road pass tolerably straight, 

going over the hills by an ascent of considerable steepness? 

The inconveniences of the first course are^ that the in- 
creased length of the road ,will require an increased expen- 
diture in the iron, and stone, or wood ; and this expenditure 
will require renewal to a greater or less extent in a few 
years ; that it being difficult, if not impracticable, to adapt 
locomotive engines so as to make short turns, or, indeed, any 
turns without increased friction, strain and wearing, on both 
the, wheels and the rails, the carriages and road will be 
rapidly deteriorated if the turns are frequent or abrupt ; 
and the additional miles travelled, and consequent addi- 
tional friction and decay of carriages, will be of some mo- 
ment. 

The objections to the second course, are, that in most 
cases deep cuts and tunnels are so expensive, that the inte- 
rest on their cost will be mofe than equivalent to the whole 
expense of tolls and transportation by a different mode. 

The inconvenience of the third mode consists principally 
in the loss of power, where the ascents are so steep and long 
continued, that the wagons would attain too great a velocity 
if not checked, in descending ; and consequently, the power 
expended in ascending, will not be fully restored in descend- 
ing. 

Which of these inconveniences is to be preferred, will de- 
pend very much on the nature of the country and the amount 
of transportation which Can safely be expected, and will 
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tiierefore be a subject of calculation in each (>articular case^ 
t*equirilig touch skill iand care in the engineef. 

Where the amount of tonnage will be very grciat, it may 
be thie economy to expend a sum in straightening the road 
and avoiding acclivities^ which would be absolute extrava- 
gance whet^ the transportation will be small in quantity ; 
for each ton of goods should pay its share of the expenditure^ 
jBiud the shares will be greater or less according to the num- 
ber of tons passing. 

In estimating the amount of transportation^ there will be 
great danger of rating it too high. Rail-roads arfe not like 
canals^ limited by the number of water Courses^ and the 
quantity which they supply ; but they may be made through 
any part of a country ; and the desire of citizens of evei^ 
section to be accommodated^ will cause them to become nu- 
merous^ and lessen the amount of tonnage on the first esta- 
blished roads. - 

The safest course, therefore, is to avoid he^vy expendi- 
tures ; and it follows, that in most cases, a road of liberal 
graduation of ascents and descents, avoiding many windings 
and deep cuts, is preferable. 

Although the engines on sUch a road will draw lighter 
loads, yet they may travel with the greatei^ average veloci- 
ty, so that the cost of transportation, exclusive of tolls, will 
be but little greater. And if the speed of engines for bur- 
den bearcat, they will obtain a handscfme income from the 
carriage of passengers, and the employment of distinct en- 
gines for that purpose will be dispensed with, or will be 
very limited. ' 

iSteam power is admirably calculated for conveyance on 
undulating roads ^ for as the engines will admit of the most 
rapid or the slowest motion^ according to the quantity of 
steam furnished, and resistance encountered, they xnay 
travel fast onTa level, and slowly up hills, with an equal ex- 
penditure of steam ; or an extraordinary supply, to give an 
increased pressure on the piston upon short ascents, may be 
often attained by shutting the steam off, and husbandmg it. 
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on prenotis descents. If descents be very long continued^ 
the fire may be allowed to subside. * 

The greatest rate of ascendmg graduatic^ upon any part 
of the route, where locomotive engihes are to be used,, hav- 
ing been fixed, it will generally not be advisable to encoun: 
ter much increase of length or of expenditure, in any other 
part of the route, if it can be avoided by a similar gradua; 
tion. For the graduation at one or two extreme points 
must regulate the load for the whole route, and the saitae 
graduation at other points will Consequently not interfere 
with the tonnage carried. 

A liberal graduation is of great advantage for the crossing 
of streams and ravines; for the expense Of passing these by 
long and high bridges and heavy embankments to make the 
road nearly level, is enormous. The bridges, and embank- 
ments at the ends of bridges,' on the Rail- way from Philadel- 
phia to Columbia, are estimated to c6st about 50 per cent, 
more than all the other preparation of the road for the re- 
ception t)f the raik. The passage over streams on the Bal- 
timore and Ohio route, has been still more costly. 

If the road descend into the valley of a stream, at a rate 
of 1 foot in 67, alt the impetus acquired in the descent, and ^g 4^^ ^ 
all the steam generated in the time, may be expended in ^ /^//^ 
aiding the ascent of the hill on the other side, for these hills 
will generally not be sq long as to require any check to the 
impulse of gravity, nor to prevent the saving of all the steam 
produced. 

Where a country is generally level, as between Camden 
and Amboy, (N. J. ) it may be expedient to encounter a very 
heavy expenditure, at a few places, rather than adopt a high 
rate of graduation; because the low rate will be nearly as 
cheap as the higher one, on most of the line ; and it will be 
of advantage to carry as heavy loads as |)raGticable, and 
travel slower, so as to save the expenditure of steam in trans- 
porting the engine twice over the ground where once may 
answer. 

But hilly and mountainous countries present a case wide- 
ly different, caTlmg for a different policy. If coal te 
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abundant and cheap on the route^ the advantages of costly 
excavations will not counterbalance the ^xpense^ unless the 
business of the roa4 be very great indeed. 

Of Singk and Double Tracks. 

The route and rate of graduation being, fixed, the qaes^ 
tion of single or double tracks^ if not already determined^ 

will arise. , 

• ■ " . ■ 

The inconveniences of a single way will .bci still less with 
engines than. with horse power; and far less thaii those of 
locks on canals. The considerations already urged in favour 
of economy, will atpply to this question. , It is farther to b^ 
. considered^ that in a country of sparse population, the means 
at command will not' always admit of that amount of e:xpen- 
diture, which, with unlimited capital, would be expedient. 
If the road is to be at the expense of the gQvernment, it 
should be considered whether a great expenditure in ope 
section of country will not interfere with that justice and 
equal providence toward other sections, which ought tp be 
n^aintained. 

For the transportation Of goods to a moderate amount, ft 
single, way will answer every purpose i^bout as well as a 
double one. Engines can leave particular points at certain 
hours, and arrive at other points at fixed hours, each engine 
taking such weight as its ascertained capacity will enable it 
to carry at the desired speed. 

For instance, take, the distance between one of our Atlan- 
tic cities and Pittsburg, suppose a distance of 320 miles. If 
trains of wagons wel^e to leave each city every morning, and 
travel the distance in 4 days, meeting places would be re- 
quired every 40 miles. If wagons should leave each city, 
at both morning and noon, and arrive at both noon and 
night, the places of meeting would be every 20 miles, at 
fixed hours# 

, As. great a quantity of goods could be conveyed, in this 
way^ on a single rail-^oad, as on an ordinary canal. At each 
place of meeting, a few miles of double way should be made, 
that the course of the vehicles should be uninterrupted. Oc- 
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casional ]>lac«$ shodld also be fixed> for turning out^ in case 
of accident^ or faikre of an engine and its train to arrive in 
dde time. 

Arrangements of this kind are inconsistent with the beau- 
ideal of travelling. The imagination delights in freedom 
from obstructions^ and from the restraints of fixed rules. 
But we are compelled to submit^ in practical matters^ to the 
curb of reason. The question^ in many cases^^ will be be- 
tween a single* rail-^oad and none at all. In such cases there 
can be little hesitancy. 

Wherever the amount «f tonnage is gfeat^ the dou- 
ble way is certainly to be preferred, as it will afford a means 
of continuing business^ while one of the tracks may be un- 
dergoing repairs^ and will admit of unrestricted freedom in 
hours of departure and arrival. More especially in the 
immediate vicinity of large cities^ the accommodation of 
passengers by leaving at all hours^ may be an object which 
will go far toward compensating the <^08t of the addi- 
tional set of tracks. 

Where the funds at command, are limited^ it may be well, 
in many cases^ to construct the bridges, and general found* 
ation of the road> so as to admit of double tracks ; and lay 
down but a single track *at first ; adding the other, after in- 
creased business, or enlarged funds, shall have rendered it 
desirable and convenient: ^ 

Of the Bails, their ISuppofts and Foundation. 

The first kind of rails entirely of iron, that were used, 
were what is called tlie ptate^rdil. These were introduced 
in England about the year 1767. They were of cast iron, 
about 4 inchies broad, widi an upright ledge 2 or 3 inches 
in height, on the outer side, to keep the wheels from run- 
ning off. Plate 2, fig. 9, represents a view of an end of one 
of these rails. 

This kind Of. rail is used on some roads to the present 
day. 

But a kind, called the ^^ edge rail,^^ introduced by W. 
Jessopi an eminent engineer, in the year 1789, is now prc- 
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feired. The ebief distimofiou in pfitiQiple^ >«tweai. lie 
plate and t^e edge rail^ is^ that the latt^ inslj^ad itf hftviog 
the upright ledge dn the outer side, is shiooth at theiwfacei 
aad the ledge or " j!&«^e/^ i$ upoil the inper e<%es of the 
rims of the carriage wheela. 

Plate %%t 10, rejttwetfts a view of m m4 of om of 
the edge rails«^ 

This rail is of grwt depth to give t^ greatest afra^gth itt 
propbrtiiNi to the weight It swells <mt .at the l^ttow; for 
the purpose of increasing the strength* An/i it swells out 
1^ Ae top, to the widthi>f 3i iw^hes^ as generally wade, for 
^e pwpose of giving a suitable wi4th of surface for the 
Y^^Lgon wheels to run upon. Tbia rail is alsq of greater depth 
and thiiskness, midway hetw^n the wppprts, than i^t and 
near tjiem^ because more strej^th is reqvired in thp former 
place. ; 

The edge rails were at first made of cast ircwi 3 w 4 feet 
in length; but in 1820, MrvJow Bir|:iks9A^, of Bed- 
lington, England, invented a mode of rolling th^m of the de-* 
sired diap^i otit of wrought pr malleable iron, which is pre- 
ferred, as less liable to break, and ^eq^uiringbut about hiEtlf 
the^ weight of the cast iron; 56 lbs. tq the yard being thf 
pmper we^g^t for th^ latt^, and JS8 lbj|. fojr the former.* 
One advantage of ^ malleable rail» is, that it may be made 
15 or 18 feet in length, extending over several blocks « 
supports, thus diminishing the number of jpinings, atid the 
consequent liability of shocks 'to the wagons, from uneven- 
ness at the meeting ends of two rails. 

The rails, whether of cast of pf wrought iron, rest in east 
iron diairs, which chairs rest on stoiie blocks Co whieh they 
are fastened by wooden pimi, driven into holes drilled in 
the stone. The cheeks* of the chairs pass up the ddes of 
the rail, which is fastened by a pin pasnng through boA. 

Plate 2, figs. 3 and 4, representing a top and side view 
of tlie rail and its support^ will give an idea of the form 
of the chairs and stone blocks. 

• For engines weighing 7 ton^ Fpr the improved en|;ineS) lighter 
rails may be used. 
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The rails, where two ends meet; were at first fastened to 
the chair by two separate pins driven one in each tii\^ as 
as shown in plate 2, fig. 7. 

But this mode allowed the ends of the rails to become 
uneven, whenever the stone support settled more on one 
side than the other, and thus very injurious shocks were 
given to the wagon wheels. 

This inconvenience has been in a great measure remedied 
by having the ends of the rails meet with a half lap, one 
pin passing through both rails; or by having the ends 
square, but fastened by a single pin through a hole made at 
the meeting of the ends, by a semicircular cavity in each 
rail. Plate 2. figs. 4. and 6. show the first mode, in a top 
view : And plate 2. figs. 3. and 5. the second mode, in a 
side view. 

To prevent the stone blocks from settling unequally, a pit 
is excavated, and filled with Uroken stone to constitute the 
foundation of each block. Yet no mode has been used 
which altogether avoids the difficulty of one stone settling 
more than another, and rendering the way uneven. 

The Baltimore and Ohio Rail- Road has rails intended for 
locomotive engines, formed of wood plated with iron, sup- 
ported on sleepers, to which the wooden rails are keyed, 
as already mentioned, in the mode of forming a road for 
horses, page 20. The sleepers are supported on broken 
stone. 

This method will probably form a way less liable to be- 
come and remain uneven, than the English mode of iron 
and stone, above described. For as both the wooden rails, 
and the iron plated on their«6urface, may be 12 or 16 feet 
long each, and extending oyer several sleepers, the joinings 
of the wood and of the iron may be always over separate 
sleepers, and the iron being firmly bolted to tlie wood, the 
continuous wooden rail will keep the iron even where it is 
joined, and the continuous iron rail will keep the wooden 
ones even Qt their joinings, in like manner : The joinings 
being as shewn in the top view in plate 2. fig. 7. 

6 
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a shows the joining of two wooden rails^ and h the join- 
ing of two iron plates : the wood meeting over one sleeper^ 
and the iron over Another. 

If a woodefn sleeper be found to have settled; it will not 
be difficult ta drive a little gravel under its end, so as to 
raise it to the proper level : or a wedge may be driven un- 
der the rail, between it and the sleeper. 

The iron used on the Baltimore and Ohio road is 2 
inches wide, by half an inch thick, the e^ds of each plate 
being cut obliquely as shown in the drawing. 

These are probably as small dimensions as it will be ex- 
pedient to haye the iron of, in any case. But wherever the 
road has a considerable ascent, the iron should be at least 
3 inches wide, to give a greater adhesion to the engine 
wheels, which should hav^e proportionate width* 

It might be expedient to have the iron 3 inches wide for 
the whole distance, on a road of great business, as it would 
be less likely to wear the wagon \vheels into grooves, and 
the pressure being extefnded over a larger surface of the 
woodpn rails, the whole work would be steadier and 
stronger. 

It is said that exti^neous matters are tnpre apt to lodge 
on a broad raij. But a couple of brushes might easily be 
fixed to the front wagon of eabh train, so as to keep the 
rails swept. Three inches is less than the width of the 
plate rails which have been long used in England. 

Maj. John Wilson and Mr. N. S. Roberts have proposed 
for the Columbia and Alleghany Bail- ways, to use stone sup- 
ports with wooden rails. 

The kind of supports proposed by Mr. Roberts are %\ 
f(iet long by 30 inches square, and are estimated to cost 70 
cents each, which would make the expense fourteen times 
as much as the wooden sleepers used at Pottsville. Those 
proposed by Maj. .Wilson are not particularly described, 
but are less expensive. 

When it is considered that cedar sleepers (such as are 
used on the Baltimore and Ohio road) will probably last, 
on the average, forty years, and that the mode of keying 
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the rails into wooden sleepers^ is preferable to that of pin- 
ning them ,to stones^ there caiinot be much hesitation^ where 
wooden rails are used, in giving a preference over stone to 
cedar or locust sleepers, if to be had at a moderate price. 

As the strength,^ firmniess and steadiness of the railsy are 
of great importance, where locomotive engines are used, 
it may probably be found advantageous to have the sleepers, 
where they are of wood, placed at no greater distances 
apart than two or three feet. Then a little depression in 
an occasional sleeper will not so much affect the evenness of 
the road ; aa the other sleepers will support the rails. If 
the sleepers are numerous, the rails inay be of less strength, 
so that the whole expense will not be materially different. 
The. deflection of the rails under the weight of the engine 
and carriages, if the sleepers are far asunder, will certainly 
add to the power required to effect locomotion. 

As it will be desirable to the reader to know the various 
kinds of rail-roads proposed by different engineers, we will 
here mention several : 

Plan of Mr. Hayward, for Rail-road from Boston to 
Providence. 

Foundation^ to be two walls of stone laid in a trench, and 
rising to or near the surface of the ground. The walls to be 
2 feet wide, and extend in depth 2| feet below the surface, 
so as not to be affected by frost. 

Bails, to be of hewn stone and iron combined. Blocks of 
hewn granite 5 to 10 feet long, and about 1 foot square, to 
be laid as rails the whole length of the road. Upon these 
stones, iron plates 2 inches wide, and 3-8ths of an inch 
thick, are to be fastened by iron bolts 3 inches long, and 
3-8ths of an inch thick, driven into holes drilled in the 
stone. 

This kind of road will be a very firm and durable one ; 
and perhaps the most economical where timber and iron are 
dear, and stone abundant. It has been suggested that the 
iron bolts would not adhere in the stone ; but it would not 
be difficult to have the holes drilled, with a little enlarge- 
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ment at {he bottom^ and the bolts pointed in such manner 
that they would roll up, ^r clench at the lower extremity. 

Mr. N. S. Roberts' Plan for a Double Railway ever the 
Jllleghany Mountain ^ in Pennsylvania. 

Prepare stone supports ^bout 20 inches square and about 
2| feet long, with the upper end of, each properly cut, and 
drilled 8 inches deep, to receive a wooden ping. Place 
these stones in four parallel lines and bfeetapart^ in the di- 
rection of the road j the upper or cut end of each to be 
level with the pavement of the road. On these, place tbe 
side rails of locust timber, 6 by 10 inches ^square, and 15 
feet long, to be secured to the stone supports by inch bolts 
driven through into the wooden plugs in the 'stones. Upon 
the inner edge of these side rails of each set of tracks, plates 
cf rolled iron, 2 inches by \ an inch, are secured by spikes 
or screws (counter sunk) once in about 3 feet. 

The above plan would probably constitute a good road ; 
but the expensiveness of the stone supports (calculated at 
70 cents each) is objectionable. And it may be doubted 
whether the distance of the supports asunder, viz. 5 feet, is 
not greater than is expedient. 

Mr. Wm. R. Hopkins's Plan for a Raihjbay from Harris- 
burg to Chambersburgy Pa. 

f/ After the road is properly levelled and graded, locust 
sleepers, 3 by 6 inches, are to be laid at right angles to the 
road, at the distance of 8 feet apart ^ and to be bedded on 
broken stone, so that a sufficient coating for the formation of 
the horse path may be formed over them. Locust blocks 
are to be pinned on these, their upper ^rfaces being level 
with the horse path ; upon these oak scantling are to be se- 
cured, and the iron rails are spiked to the timbers/ The 
iron is 3-8ths by 2 inches.^^ 

The above plan was for the us^ of horses. Probably Mr. 
Hopkins would propose a different one for locomotive en- 
gines. One advantage of the plan, is, that the horse path 
would be easily made, and' would not approach too near the 
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surfaces of the rails* The disadvantages are the great num- 
ber of pins required in the work, which would be liable to 
start from their places in consequence of the jarring occa- 
sioned by the wagons ; and the great distance (8 feet) be- 
tween the supports. 

Pfon 0/ Mr. Monoure Robinson. 

Cubes of stone 2 feet square;^ to be embedded on broken 
stone 7 feet apart from centre to centre, in the direction of 
the rail-road. 

Upon these, sills or sleepers of locust or white oak, 9 feet 
long and 12 inches square, to be bolted by pins driven into 
holes drilled in the stone blocks. . 

The wooden rails to be 8 by 12 inches, and keyed into 
the sills or sleepers. Upon these, iron rails or plates, having 
a cross section of l^^ inches, are to be fastened by spikes 
5 1 ipches long. 

This is intended for engines weighing 6| tons. For en- 
gines of 3 or 4 tons weight, Mr. Robinson "would undoubt- 
edly reduce the size of the timbers and irons. 

It has been proposed to use, for supports, wooden posts, 
cut from the trunks of trees, and set to the depth of 2 or 2| 
feet in tht ground, so aa to' have a solid foundation below the 
influence of frost \ the part immediately at the surface of 
the earth, to be surrounded by Roman cement, to prevent 
decay.* 

An advantage of this plan would be the saving of excava- 
tion and embankment on a rpad for engines, by having the 
supports rise in some places one or two feet above the sur- 
face, and in others be level with it. It would also require 
less filling in for the path, if the road were intended for 
horses;^ than if cross sleepers of wood were used ; and the 
rails would not be jarred by the action of the horses' feet,: 
as they are on the cross sleepers. 

It is objected to this plan, that the posts would be liable 
to spread, so that the rails would vary in their distance from 
each other. Yet if the rails and rims of the wheels were of 

* By John L. Sullivatii Esq. 
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considerable width, it would not be likely to take place to 
an injurious extent, before it could be rectified by the su- 
perintendant. ^ 

The posts might be prevented from spreading asunder, 
by iron wires extending across the road from the one to the 
other ; or, they might be surmounted by wooden sleepers 
stretching across the road, into which the j*ails might be 
keyed, in the manner before described. These sleepers 
might be raised above the earth to any expedient distance, 
if the road were solely for steam engines. 

The wires, or the cross sleepers, need not extend between 
every pair of posts ; but only on these upon which.the ends 
of the wooden rails rest, say once in 12 or 16 feet. 

Mr. John L. Sullivan also proposes to use for rails, chest- 
nut timber, split from the trees into quarters or eighths, 
and the part next the heart planed smooth to receive the 
iron. An advantage of these rails would be, that they will 
shrink equally in all directions. Where chestnut timber is 
abundant, and oak scarce, this will doubtless be found a pro- 
fitable mode. 

Expense of Excavatiofi and Embankment. 

Tlte amount of this item is extremely various, according 
to the ground, and still more, perhaps, according to the rate 
of ascending and descending graduation. 

On one mile of the proposed Rail-way from Boston to 
Providence, the expense, at a graduation of 30 feet to the 
mile, is estimated at 814,864 ; which, by a graduation of 
50 feet, would be reduced to 82,158; making a saying of 
nearly 6-7ths by the latter graduation. On another mile a 
saving of 85000 would be effected, by changing from 30 to 
60 feet to the mile. 

On the Philadelphia and Columbia Road, at the Mine hill, 
the excavation on one mile, where the deepest cutting is 
35^.^ feet, will cost about 817,000, at a graduation of 27 1 
fe^t. By making the graduation 60 feet the expense would 
be reduced probably to less than 85000, making a saving of 
812,000. 
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On the Baltimore and Ohio Road^ at two p]aces> the cut- 
tings are about 78 and 79 feet each. By adopting a gradua- 
tion of 60 feet ascent to the mile, the saving on each of these 
miles would probably be about 830,000. ^ 

An instance of an expensive road may be found in the 
Baltimore and Ohio Road, where the average expense of 
graduation for 13 miles is understood to be about 20,000 
dollars to 25,000 dollars per mile (exclusive of bridges), 

2. A road of moderate expense, is that from Columbia to 
Philadelphia, where the average expense of excavation and 
embankment is about 1600 or 1700 dollars per mile for a 
double track, at a graduation not exceeding 29 feet to the 
mile. 

3. A cheap foundation, made by a graduation of 60 feet 
in the direction of most transportation, and 80 feet in that of 
least transportation, might be estimated at 250 dollars per 
mile for a single, or 500 dollars for a double rail- way. This 
is above the expense on some parts of the Columbia rail- 
way. 

Expense of Bridges and Culverts. 

This is an item extremely various, according to the num- 
ber of streams, and the rate of graduation, as requiring high 
and long, or admitting lower and shorter bridges. 

The cost of bridges for the first 13 miles on the Baltimore 
way, is probably 16,000 to 18,000 dollars per mile.* 

The cost on the Philadelphia and Columbia road, be- 
tween 2500 and 3000 dollars perniile, including the Schuyl- 
kill bridge. 

The estimated expense of bridges between Boston and 
Providence, is 530 dollars per piile for a double way: and 
315 dollars per mile for a single way. (Hayward^s Report.) 
These are substantial stone bridges. 

Perhaps a minimum estimate for bridges and culverts on 
a road, that avoids streams as much as practicable to advan- 
tage, may be in most cases S250 per mile for a single, and 

• Bridges and excavations were estimated in the report of the Di- 
rectors at 837,500 per mile: but have exceeded that sum. I know 
not the precise proportion which is for bridges. 
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8400 for a double i:ail-way. Mr. W. R. E[opkins> who 
surveyed the route of 54^ miles from Harrisburg to Cham- 
bersburg^ estimates the cost for bridges and ciilverts at 
3099 dollars 93 cents for the whole route^ being less than 
57 dollars per mile^ for a double rail-way« There are^ how- 
ever, few places so advantageous.^ 

Expense of Foundation for the Supports. 

It probably would not be advantageous to dispense with 
the use of broken stone for the foundation of the supports 
in any case of a rail- way for steam carriages, unless it were 
that of the substitution of wooden posts, set several fejet in 
the ground. 

The broken stone for the foundation of supports at dis- 
tances of 8 feet, is estimated by Mr. Wm. R. Hopkins, at 

For Mingle Road, 
182 perches broken stone, at 60 cents, S109 30* 

For double Road* 
364 perches do. 318 40 

And the pit excavatioii and filling in of the stone, at about 890 
for single, or 8160 for double way. 

Major John Wilson estimates the broken stone for the 
horse path, and embedding the blocks, at 8969 32 for a 
double way between Philadelphia and Columbia. How 
much of this is for the horse path is not stated. 

The cost of stone will probably be less in many places 
than on the route of Mr. Hopkins^ estimate, viz. that from 
Harrisburg to Chambersburg. 

We may perhaps estimate 8150 per .mile as the mini- 
mum, and 8300 as the . maximum cost for stone and pit 
excavation and filling, for a single track for steam engines. 
In many places coarse gravel may be found, which will an- 
swer the purpose, and may be had at a slight expense. 

Of the Supports and Rails. 

Thie expense of these items, must vary with the abund* 
ance of timber, stone, and iron. 

The following is Major Wilson's estimate for a road of 
the best construction of iron and stone. 

•Journal Pcnn. H. R. 1S28-9. Vol. 2. p. 17 S. 
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For double Tracks. 
Iron rails 28 lbs. per yird; 88 tons per mile, at 

g65* 
Do. for sidelings, 

Cast iron chairs 18,267 tons, at f^is 50, 
Iron pins to fix chairs to rails, 
Duty to the United States on the above, at ^5 per 

cent. ad. yal. 



Blocks of stofie, placing them, fixing rails, Scc^ 

Total, 

Mr. N. S. Roberts^ estimate is as follows : for rail- way 
over the Allegheny mountains : double tracks. 
4324 stone supports, cut, drilled, and set, at 70 

cents each, .. 82,956.80 

1418 pieces of locust timber 6 by 10 inches square 

and 15 feet long, at 75 cents, 1,063 50 

30 tons iron plates, drilled and delivered at glOO* 

> (iron 2 inches by J inch). 3,000 00 

4 tons of bolts made and delivered at 8150, OOO 00 

One 'ton spikes, do. 200 00 



85,720 


00 


143 


00 


831 


14 


36 Od 


1,682 


53 


88,412 67 


1,834 


75 


810,257 


42 



Total, 87,820 30 

The estimate of Moncure Robinson, Esq. is 89,950 per 
mile. 

For a cheap Track. 

A beam of white oak, ash, or pitch pin?, 4 inches broad, 
7 inches deep, and 3^ feet between the sgupports, will bear 
a permanent load of 12 tons without danger of breaking, as 
we find from Barlow's problems. If the ends be fast, it will 
bear 50 per cent, more.f As one wheel of the carriage 
only, will, at one time, rest between the supports, and it 
Will be rare that a weight of two tons will be thrown upon 
a single wheel of the locomotive engine, we may take 

• Iron is now lower. 

t Two-thirds of the pounds required to break a beam according^ 
to the problems in page 21, are considered proper for a permanent 
load. 

7 
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the abore size of timber^ if of the best wood^ to be suffi- 
cient both for strength and steadiness* It is the size used 
on the.Schuylkill West Branch road. The strength^ for the 
support of carriage^^ will be materiaUy increased by the 
iron plates. 

The supports may be sleepers or posts. The latter will 
cost about as much more than the former^ as will equal the 
cost of the greater quantity of excavi^tion and broken stone 
for the fdrmer. So that the expense of the road will be 
about equal. / 

For a single Track. 

1330 sleepers at 10 cents, 2133 00 

Rails 4 by 7 inches white oak^ 34,957 feet timber 

atglS, 
Wedges to fasten rails, 

15 tons iron plates 3 inches byi^ inch, at S^^y 
Additional iron by having the plates 3 inches Vide 

on ascents one-tenth of the distanc^^ 
Nails and bolts, 
Workmanship, 

Total for rails and supports, single track, S 1,731 49 

Summary. 
1. An expensive double Rail-Wayy nearly Level. 

Excavation and embankments per milei 825,000 

Bridges and culverts, ^ i2/)00 

Broken stone for supports, 600 

Supports and iron rails,^ 10,400 

Total,* 848,000 

Add superintendance and contingencies, 3,000 

850,000 

2. Jl moderately expensive or medium road, winding^ 
and having an ascent of 2S feet per mile, double track. 

• The Liverpool and Manchester rail-way is estimated to cost 
near £30/)00, or 093,33^ per mile. This includes the purchase of 
land. 



399 48 


.,. 35 00 


»1,005 00 


58 00 


100 00 


113 00 
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ExcaTatioiii 8cc. per miki SlfTOO 

Bridges and culverts, S^soo 

Stone foundation, SOa 
Stone supports and iron rails, the rails SI lbs. to 

the yard, $,700 

, • ^ 813,400 

Superintendance and conUngencies, 1,600 

Total, . 815,000 ^ 

3. Cheap Boad. Single Track. Greatest ascent^ 60 
feet to the mile, one way, and 75 to SO feet, the other. 



Excavation and embankment. 


300 00 


Bridges,* &c. 


300 00 


Stone for foundation. 


150 00 


Supports, rails and workmanship, as above. 


1,731 48 


Superintendance and contingencies, 


S50 00 



Total, J03831 48 

For single track; or 85,67^ for double tracks. 



CHAP. HI. 

Of the Carriages for Transportation. 

The objects to be attained in the formation of wagons, 
are^ Cheapness, that the capital required may not be great: 
Lightness, that the greatest practicable portion of the bur- 
den may consist of goods: Diminution of friction, that the 
greatest loads may be drawn by the same power of horses 
or steam: and facility of turning curves, that neither rails 
nor wagons may be strained, nor friction much increased 
at the turns on a crooked way. 

In some cases wagons of half the weight of the load are 
used, which must occasion a great needless expenditure ; 
as the weight of goods carried must be proportionably re- 
duced. 

Some of Winan^s wagons, recently used on the Liver- 
pool road, weighed less than one-fifth as much as the goods 
^carried, the proportion being 5 to 2T. It may well be 
doubted whether they can be made of so great lightness, 
* Very variabU. 
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and be sufficiently strong and durable. We may hope that 
a reduction to one-fourth of the weight of the load is prac- 
ticable. 

The strength necessary in the wagons, and the weight of 
the wheels, depend in some measure ^h the straightness or 
crookedness of the road, and on the degree in which the 
wagons are adapted to turn curves, if the road be crooked. 
Wherever lateral pressure of the wheels against the rails 
occurs, the wheels and their axles are subjected^ to great 
strain. Such pressure may be in a great measure avoided, 
by having the outer rail, where the roaid is curved, raised 
higher than the inner one. 

The rail-road wagons most used, have revolving axles, 
to which in some cases the wheels are fast. -In other cases 
one or both wheels is left at liberty to slip on the axle, so 
that where the road winds, one wheel may trayeJ faster 
than the other to make the curve. Generally however, the 
axle revolvesj this method being better than that of wheels 
revolving on the axle. 

To avoid the friction of the flanges of the wheels against 
the rails, and to make turns without grinding, Mr. James 
Wright, of Columbia, Pa. has invented a method, which 
is supposed to possess peculiar advantages. 

It consists in giving a conical form to the rin»s of the 
wheels, so that wherever the road curves, the larger part of 
the rim of the outer wheel comes oa the rail, and conse- 
quently travels faster than the inner wheel. 

Fig. 1. in the annexed cut shows a top view of the wagon 
frame, and wheels of Mr. Wright's carriage. 
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In order to take* advantage of the coiiical form of the 
whdels, and have the axle always at right angles to the rails, 
each axle is fixed to, and revolves in, an under cross piece^ 
which is fastened by a bolt in the middle, to the under side 
of the wagon frame, as shown inr fig. 2. which is a front 
view of one of the axles and its wheels, together with one 
of the cross pieces of the wagon frame. 

Friction wheels are sometimes put on the ends of the 
upper, or frame cross pieces, which sustain the weight of 
the carriage, and allow the axle to vibrate freely. 

Mr. Wright^s carriage,, in models, works very 'beautiful- 
ly. A number of wagons on his plan have been ordered at 
Pottsville. It certainly turns curves with more ease and 
less friction than any other wagon which has the wheels fast 
to the axle. • , . 

• The only objections to this wagon, are, that the wheels 
operate in a slight degree in the manner of a wedge to press 
the rails asunder; and that the vibrating cross piece will 
raise the height of the wagon body a few inches above the 
axle. The former objection, however> is of less force than 
that of the side pressure which the flanges of other wagons 
occasionally produce on the rails, so that the wheels ope- 
rate as a lever to bend the axle, which must consequently 
be made larger than in Mr. Wright^s plan. 

Mr. Wright suggests the use of a round topped rail, al- 
though the wagon will work on rails of any kind. • 

Perhaps if the wagon should come into general use, it 
would be expedient to' have the rails made with a slope at 
their surfaces, conformable to that of the wheels. One ma- 
terial advantage of Mr. Wright's carriage is, that it will 
admit of a long body without inconvenience. 

William Howard, Esq; of Baltimore, has also patented 
a wagon for turning curves, and diminishing friction, a 
description and drawing of which may be seen in the 
Franklin 'Journal, for January 1829. It has much inge- 
nuity; but perhaps would be too complicated and expensive 
for common use; 

The chief object in the formation of wagons, is to reduce 
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the friction at the axles as low as possU)le^ the friction be- 
ings on a level rail-road^ the greatest obstacle to locomo- 
^j^. The simplest mode of effecting this object is to make 
^e wheels as large^ and the axles as small as practicable; 
the amount of power necessary to overcome friction, being 
inversely as. the proportion of the diameter of the wheel 
to that of the axle; other circiimstencesheihg equal. Some 
have doubted this position; butvarious experiments by Mr. 
Pahner, Mr. Tredgold, and lately by Messrs. Hartley and 
Rastrick, prove its truth. 

The wheels generally used on the English Coal rail-roads, 
for short distances, have heeii from 3^ to 36 inches in dia- 
meter, and the axles from 2| to 3 inches, the wagons car- 
rying loftds of 2i to 2| tons. The object of low wheels is 
the greater convenience of loading. But where a rail-road 
is 20 miles, or upwards, in length, the advantage of di- 
minished friction will fietr more than compensate for the la* 
hour of raising the burthen six inches higher in loading. 
It will, therefore, be found expedient to increase the size 
of the wheels to4 feet diameter, and to reduce the Ate of the 
axles to 1^ or 2 inches, diminishing the load of each wagon 
accordingly, and using a greater number of wagons. 

Rul-road wagons have recently been made in England, 
with axles of 1^ inches i^ diameter. But perhaps, with 
wagons of the old form> it will not l>e advantageous, in 
most cases, to go below 2 inches. These will bear loads of 
1^ tons to a wagon with safety. With such axles, and 4 
feet wheels, the friction will be precisely one half that of 
wheels with 3 inch axles, and 3 feet wheels. 

Of the Bearings on the •SxUs. 

Having fixed the size of the wheels and axles, an im- 
portant inquiry will follow as to the kind of metal to be 
used for the gudgeons, or chairs, which rest upon the axles 
at the place of friction; and also what should be the width, 
or extent of bearing surface, on the axles and gudgeons. 

Mr. Wood prefers cast iron for the bearings; but it ap- 
pears [from the experiments of Mr. Rennie, before men- 
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tioned^ that the friction of wrought iron upon hard brass^ 
without unguents^ is one-sixth less than that of wrought 
iron upon cast iron: and with unguents^ the friction of 
brass on iron is still less in proportion to that of iron on 
iron. 

Brass bearings^ or chairs^ therefor? > should be preferred. 

As to the li^dth of the. bearings, a material error has 
been committed, in most wagons, in making them too nar- 
row, thus giving too sn^all an extent' of rubbing surface. 
Friction is not equal for equal weights^ on the same axle 
and bearing surface; but the bearing surface should be pro- 
portioned to the weight. 

The least friction of brass on wrought iron, was found by 
Mr. Rennie, to be at 14 lbs. 3^ ex. on the square inch of 
rubbing surface, at which it took 1 lb. to move 7^^ Ibs.^ 
without unguents; while with 560 lbs. on the inch, 1 lb. 
moved but 4^ lbs. The l^t friction of cast iron on wrought 
iron, was with 12 lbs. ^ oz. on the inch of surface, in which 
case 1 lb. suspended perpendicularly over a pulley, moved 
frpnr It^s. over a level plane: but when th? weight was 709 
lbs. on the inch, each lb. suspended moved but 2^^^ lbs.: 
showing an increase in the latter case of more than one half, 
in friction, compared with weight. 

From these results it would appear, that the least fric- 
tion without oil, would ensue, if the bearing surface of the 
axles extended entirely across the wagon, say 4 or 5 feet. 
Yet, the use of oil or other unguents will make some differ- 
ence in the proper proportion of rubbing sur&ce. 

Mr. Wood found, that where oil was used, wagons with 
iron bearings 4 inches broad, had 38 per cent less friction 
than those having bearings only 1| inehes broad. — ^Wood 
on Rail-roads, p. 185 to 188. 

Of the Unguents to be used. 

The amount of friction is materially affected by the na- 
ture of the unguents used upon the axles. Thin oil is the 
best which can be used for light and delicate machinery; 
but with heavy loads the harder substances are far better. 

The following tables, extracted from some of Mr. Ren- 
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nie^s experiments on friction upon axles, show how greatly 
the value of different uiiguents depends on the extent of 
the load. 



Wt.on 
axle. 


Wt. required 
to move it. 




Wt. on 
axle. 


Wt required 
to move it 


1 1 


Brass on iron with oil. 


Brass on ii:on with hog's lar4 


cwt, 
1 
5 
10 


lbs. oz. 

3 8 

^ 4 

193 8 


Proportion. 
.32. 
19.14 
5.78 


cwt. 

1 

5 
. 10 


lbs. oz. 

3 1 

47 8 

120 8. 


Proportion. 

36.57 

11.78 

9.29 


Brass on iron, with composition of 
black lead and hog's lard. 


Br^s on iron with tallow. 


cwt. 
1 
5 


lbs. oz. 

3 1 

13 12 


Proportion. 
36.57 
40.72 


cwt 
1 
5 
10 
10 


lbs. oz. 
7 8. 
14 8 
23 8 
20 


Proportion. 
14 93 
38.62 
47.65 
56.00 


'Brass on iron with soil soap. 


•cwt. 
1 
5 

■ ■■"" \ 


lbs., oz. 

- 9 3 

14 12 


Proportion. 
12.19 
37.96 


) 



From these results it appears, that, with oi7, the fric- 
tion, in proportion to weight, was near six times greater, 
when the weight on the axle was 10 cwt, than when 1 cwt: 
with hog's lard, the results were analogous: but with black- 
lead and hog's lard, the effect was reversed, the friction 
being nearly four times^greater, in proportion, with si light 
load, than with, a heavy one. With tallow, also, the hea- 
viest load gave the least friction.. Whence we may deduce 
as a general 

RULE: 

That for loaded wagons, hard unguents are the best. 

Tallow is the most uniformly good, with both light and 
heavy loads. 

We are still without a class of experiments, particularly 
desirable. The abovementioned were made upon bodies in 
the slowest motion. It would be well to ascertain what un- 
guents most reduce friction, when the travelling is rapid, 
say 10, 15, or 20 miles per hour, and the axles are conse- 
quently heated. Experiments for this purpose might easily 
be made by the Dynamometer, upon wagons drawn by loco- 
motive engines. 
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Pulverized soap-stone .has lately been discovered, at 
Lowell, Mass. to afford, in combination with oil, tar Or tal- 
low, an excellent application for tlie rubbing surfaces of 
machinery; and pa]rticularly economical, as one application 
suffices for many days.^ It would be well to try this upon 
rail-way wagons. 

Hard. brown soap has been advantageously used to di- 
minish the friction of heavy weights. 

Of the arnount of Friction. 

We have seen in Mr. Rennie^s experiments, that by 
proper ujiguents, friction, in two cases, was reduced to 
one forty-seventh, and one fifty -sixth part of the weight: 
and in another case to less than one-fortieth. In four suc- 
cessive, experiments, with tallow, the friction was below 
the latter rate* In other words lib. suspended over a pul- 
ley put upwards of 401bs. in horizontal motion. By pro- 
per 2ittention to the kind of unguents to be used, it would 
seem that We might safely calculate on a general reduction 
to one- fortieth of the weight. ^ But as dust will be liable to 
assail the axles, perhaps one- thirtieth would be a safer cal- 
culation. This is where the power *is applied directly to 
the weight. • But by the wheel and axle we obtain a lever- 
age, by which the power required to overcome friction is 
reduced in proportion to the diameter of the axle, com- 
pared with that of the wheel. Multiplying 30, by the 
diameter of the wheel, and dividing the product by that 
of the axle, we obtain the friction of wagons. 

Hence we find that friction on the axles would be as fol- 
lows rf 

Axles 3 inches. Wheels 36 inches. Friction lib. in 360lbs. 

Axles 3 « Wheels 48 " " 1/^ 480" 

Axles 2 " ^Vhcei8 36 « " 1 '" 540 " 

Axles 2 « Wheels 48 " « 1 « 720 " 

Axles 1 " Wheels 60 " "1 " 1800 « 

• A large heavy wheel at the iron works on the mill dam at Bos- 
ton, with gudgeons 5 inches in dianveter, making 75 to 100 revolu- 
tions per minute, has run with soap stone, for 5 weeks, without re- 
newing the lubrication. — Franklin Journal for Afiril 1830, p. 275. 

t With tallow. The friction with oil would be greater. 

8 
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This is the fnction upon the axles^ ooeasiondd by the 
load resting upon them^ the weight of the wheels not be^ 
ing taken into the account^ as it does not rest on the axles. 
To this result is to be added^ the fri(^tion of the rims of the 
wheels upoji the rails. This is of two kinds^ the rolling 
friction on the surface of the rail^ and the rubbing friction 
of the flange pressing against the side of the rail. 

What is CdiWt^, rolling friction is of, little moment^ if the 
rails are smooth and clean. Theoretically it Js nothings for 
a perfectly round ball will roll over a perfectly^ smooth and 
level plane^ without any friction. Yet neither a perfect 
ball or wheel, nor a perfect plape can be obtained. All 
particles of dust will interrupt the eventless of the plane, 
and create friction. Hence the importance of baving the 
rails constantly sWept by brushes attached to the forward 
wagon of each train.* Mr. Henry Palmer^^ of Chelten- 
ham, England, found the resistance on a plate rail, when 
the rails were dusty, one-fifth more than when they were 
swept clean. The difference, hoWevei*, would be liiuch 
less on the, edge rail. The larger the wheels, the less will 
any dust^ twigs, or inequalities on the rails affect them. 
On the whole, the rolling friction on a rail-Way, kept in 
good order, and the wagons having large wheels, is almost 
too small to take into account. 

The friction of the flanges of the wheels against the sides 
of the rails is of more moment, especially if the rail- way 
be winding, and the wagons of the usual construction. If 
the road be straight, or if Mr. Wright^s carriage wheels 
be used, this item also will be reduced to a very trifle. I 
know of no experiments to ascertain its amount, which in- 
deed must vary with every road, and on every mile of the 
same road. 

'We have, however, experiments showing the sum total of 
friction in wagons of a certain construction. 

• This is particularly important before a rain, as the mud pro- 
duced in such case from the dust, is very detrimental. 
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Wheels 35 inches in diameter>y 

Axles 3 inches do. 

Bearings 4 do* broad; of cast^ 
. iroa, J 

Average friction in five different experiments 1 lb. to 211 1 
lbs. of weight of wagon and load. 

The experiments on the Killingworth Colliery were a little 
less favourable ; but as it was'a rail-road of old construction, 
and not in good order, the Hetton affords the fairest test. ^ 

The wagons were oiled i^ these experiments. The 
loads being heavy, tallow would have shown much less 
friction. 

In the above experiments, the proportion of wheels to y .y 
axles, was as 11.6 to 1. We have proposed to make it as yJIJJ|3lf 
24 is to 1.— This should reduce the friction to 1 lb. in 422. ZI^ 

Recent experiments at Liverpool have shown, that where 'l^- ^^ 
the axles are iii the latter proportion, the friction is but 1 ^j^ __\/^ 
lb. in 400. — ^The substitution of proper unguents instead of }/ . 

oil, will, doubtless, reduce the friction yet lower. 

Of Friction compeared with Velocity. 

It is important to know what is the friction of carriages, at 
different velocities, in order that we may ascertain if there 
be any loss of power by travellitig fast. With steam boats, 
canal boats, and other vessels moving through the water, it 
is- known that the resistance is greatly increased in travel- 
ling fast, and therefore the slower the motion the greater 
the economy in the power expended. 

Two modes have been used to test both the actual amount v 

of friction on rail-roads, and its proportion to the velocity of 
motion* 

One of these methbds is to let wagons move down an in- 
clined plane by their owh gravity. It is known that they 
would, if there were no friction, descend with a rapidity ^ ^ 

having the same proportion to that of a body falling perpen- 
dicularly, as the height of the plane has to its length ; and 
that this velocity would be equally accelerated during every 
second of its descent. By comparing the velocity of the ^ 

wagon at starting, with that which it would have, if there 
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\ were no friction, we ascertain the amount of friction com- 

k pared with weight; and by comparing the velocity in dif- 

[ ferent equal portions of time, we ascertain whether it is re- / 

gularly increased, or whether its increase is checked by an 

I increase of friction. 

^ By this method it was found that friction was equal at all 

velocities ; the wagons, in various experiments, (Wood on 

^ Rail-Roads, pp, 199-201) were eijually accelerated in 

equal times, till they reached the foot of the inclined plane. 
Another mode of trying the experiment ia by the dyna- 
mometer, consisting of a pendulum, suspended from a tjross- 
bar. See plate 1, fig, 2. It is first ascertained to what ex- 

j *'%*v^ tent different weights suspended over a pulley will re- 

i ,Vt"^V move the pendulum from the perpendicular, allowance being 

, ** • **^» • ^made for the friction of the pulley. 

^ ♦ Then the wagons being attached to. the line, they are 

*' •' ^ . ! drawn along by moving the cross-bar at the top, or the car- 
riage in which it4s fixed, and wheii the motion is regular, 

\ the number of degrees that the weight or pendulum is re- 

moved from the perpendicular are noted, and the friction of 
the wagon is' considered as equal to the weight which would 
have removed the pendulum to the same extent* By mov- 
ing at different velocities, it is ascertained whether friction 
is increased. The result of various experiments, by Mr. 
Wood> was,' that the friction was th^ same, at a velocity of 
104 feet, 307 feet, and 397 feet per minute. 
* Another mode of ascertaining whether friction is iiicreas- 

/ ed by velocity, is, to suspend two weights over a pulley or 

wheel and axle of any kind, the one being just enough 
heavier than the other to counterbalance the friction. When 
these weights are put in motion, the motion will be uniform. 
If they are started with a slow motion, they will continue 
at the same ; if a rapid motion is given, they will continue 
to move with the same rapidity.* 

All these results show that the constant stress or pressure 
^ required to overcome friction, is no greater at high veloci- 

ties, than with the slowest motion. 

• Rennie's Experiments, Franklin Journal, for February, 1830. 
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From this fact, some have inferred, that there would be 
an actual gain of power in travelling with rapidity ; because 
the pressure or stress, from friction, is equal in equal times ; 
from which it might seem better to travel IQ miles in half 
an hour, than in a whole hour, as the stijpss or pressure 
would be equal in each case, but would continue twice as 
long in the latter. 

The established principles of mechanics show, however, 
that the power expended in the two cases is equal ; at least 
if it be measured by the eflFect of steam ; and that the real 
expenditure to overcome frictioais in proportion to the dis- 
tance travelled, without any regard to velocity: 

There is a small saving, by travelling slow, with a heavier 
load, because the steam carriage must be moved over the 
ground a fewer number of times, to transport the same quan- 
tity of goods. 

Proposed Improvements in Wagons. 

From what has-been observed, the ifnmense importance 
will be seen of overcoming friction, by having the distance 
which the rubbing surface on the axle traverses, as small as 
possible, compared with the distance passed over by the 
wagon. 

For the purpose of effecting this object. Mi*. Ross Wi- 
nans of New Jer^y, a Mr, Knight, and William Howard 
of Baltimore, have invented carriages upon similar princi- 
ples. Mr. Winans is supposed to be the first inventor, 
although his invention was unknown to Mr. Howard. 

Mr. Winans' carriage is provided with 4 friction wheels 
having short axles fixed into a frame, similar to that of 
plate 2, fig. 8. The whole load rests on the axles of 
the friction wheels. These wheels have a projecting rim 
on the inner side of their circumference, under the edge 
of which the ends of the axles of the larger wheels, (that 
run on the rail)s, are admitted, so that the friction wheels 
hang on the main .axles, and the load on the friction 
wheels. 

Plate 1. fig. 4. represents the carriage of Mr. Winans: 
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/• /. are the friction wheels: and m. .m. the main wheels 
running on the rails^ which is represented in the plate as 
raised aboVe the ground. . 

As the main ^xles move rounds the friction wheels movef 
with them, so ^hat the axles of the friction wheels, where 
the rubbing takes place, move but once round to several re- 
volutions of the main wheels., 

The friction of some of Mr. Winans' wagons on the Li- 
verpool and Manchester road, has been found, to be but 
lib. in about 800. Itis doubted by some, however^ whe- 
ther they will ever come into extensive use, by reason of 
their complication, and the liability, as heretofore construct- 
ed, to get out of order. 

The author of this work has devised a wagon, for which 
he contemplates taking ^ patent. It is hoped it will reduce 
friction as low as lib. in a 1000, on a straight road, with- 
out the Inconvenience of numerous wheels, or a high load. 

Plate 2. fig. 8. represents a top view of the frame and 
wheels of this wagon. The frame consists of four longitu- 
dinal and two lateral pieces of timber, which must be of 
sufficient size to give the requisite strength and steadiness. 
Each wheel has a short axle, which may be four or six 
inches in length; running in iron bearings, on the under 
sides of two of the timbers of the frame, so that the load 
will rest upon both ends of each short axle, the whole num- 
ber of bearings being .eight, or two to .each axle. The 
wheels are to be conical oil their rims and flanges, to pre- 
vent the rubbing of the 'flanges iigainst the rail, and the 
running off of the wagon, as well as strain to the axles: 
there being lateral room for a play of 1 inch between the 
rails and the flanges. The body of the wagon, which is 
not shown in the drawing, is to be suspended from the 
wooden frame, in such manner that the weight will bear 
equally on each end of t^e four ax4es. 

The supposed advantages of this wagon, are — 1. That 
the wheels may be of any width not exceeding five or six 
feet, 'without danger of running off. — 2. That the axles by 
having bearings on each side, and near to, the wheels, will 
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require to be of but one half the strength of those in the 
ordinary method: axles bf 1 inch in diameter in this wa- 
gon, being of strength sufficient to carry weights of 1| 
tons, beside th€j carriage. — 3. That as each wh^el has a se- 
parate axle, the wheels may be fast, and the axles revolve, 
without inconvenience on curved roads.— 4. That the body 
of the wagon may be hung entirely below the axles, or at 
any higher point, at the wilf of the maker, without en- 
countering any inconvenience, such as would result if the 
axles extended across from one wheel to the other. Of 
course the wheels may be as high, and the body at the same 
time as low, as may be wished. This is the principal ob- 
ject of this mode of construction. 

If the wheels be 5 feet, and the axles 1 inch }n diame- 
ter, and tallow be used on the ax]es> the resistance by fric- 
tion on them cannot amount to more than oiie twelve-hun- 
dredth part of the weight, and will probably be considera- 
bly less. 

If this plan should not prove advantageous, some method 
will doubtless be devised for using high wheels, without 
raising the load, such as cranking the- axles, or allowing 
them to pass through the body of the wagon: for it is only 
by having lai^e wheels in proportion to th^ axles, that rail- 
ways can be brought to the perfection of utility. 

The wagons us€d on the English roads, have east iron 
wheels, with wrought iron spokes, the ends of the spokes 
being dovetail shaped, so that the cast.iroii firmly adheres 
at the nave or hub, as well as at the felloe. The rims are 
generally case hardened by running against a cold iron cy- 
linder, which prevents their wearing into grooves. If 
wooden wheels could be substituted, with tire of suitable 
form, it would be an improvement, as they would weigh 
less than iron in proportion to their strength.* 

• Since this work was put to press, the author has seen the spe- 
cification and drawings of a rail-road car, invented by Mr. S. T. 
Jones of Philadelphia. See Franklin Journal^ for March 1830. Mr. 
Jones proposes to use but two wheels to each car, to be supported 
on short axles in the manner above named, or on long axles extend- 
ing through the body of the car: the body being suspended below- 
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Of Checking undue Velocity. 

Before leaving the subject of wagdns^ it is proper to 
mention the mode of preventing them from acquiring an 
undue velocity where the descent is of considerable steep- 
ness. This is done by means of what is called a '' brahe?^ 
or ^^ convoy ^^^ soj placed as to press against both the fore and 
hind wheels. 

Plate !• fig. 1^ represents the form of wagons used for 
coal in England^ with the brake attached, a. b. is the 
jointed brake fastened to the side of the wagon body in such 
manner as to press on both wheels. By this means it is 
found very easy to regulate the speedy as there may be 
different places to hitch the upper end of the brake to the 
wagon body, to make it press with more or less force. 

•Mr. Morris, an ingenious mechanic, who has planned 
the best inclined planes on the Morris Canal, has devised 
what is termed a governor to press upon the wheels of the 
frames which suppoH the boats, whenever they move too 
fast, the motion of the carriage regulating the application 
of the governor. 

It is probable, a similar appendage might be attached to 
the last wagon of each train, on rail- roads, so that no care 
would be required on the part of the attendant. 

Expense of Wagons. • 

The cost of rail- way wagops' used at.Pottsville, varies 
from 40 to 70 dollars. These carry 1| ton each. It is 
probable that the improved wagons which will he used ulti- 
mately, will cost about 50 dollars to each ton of goods, or 
75 dollars for a wagon to carry 1| tons. 

Rail-road cars have been in use on the Killingworth Road, 
Eng. for 11 or 12 years, aiid are still good. It probably 
would not be unreasonable to estimate the cost of renewals 

the axles. The cars are to be connected when travelling by short 
tongueS) or projections^ sind a bolt, so that each car may have a 
different angle on a winding road. The objects arc to have the 
wheels high and the load low, and to t«rn curves with facility. The 
plan appears lo be a very good one. 
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and repairs at 12 per cent per annum^ which added to the 
interest; would make the yearly expense per ton, 9 dollars. ^ 



CHAP. IV. 

0/ Locomotive Engines. 

We shall first describe the different kinds of locomotive 
carriages that have been used, and then consider the objects 
which are desirable in relation to them, and the mode of 
their attainment. 

The first steam carriage for rail- roads was made by Mr. 
Trevithick in 1804, and tried on the Merthyr-Tydyill 
Rail-road in South Wales. We have not a particular de- 
scription of this engine, except that it had an eight inch 
cylinder for the piston, and the piston had a 54 inch stroke. 
It drew after it as many carriages as contained ten tons of 
bar iron a distance of nine miles, at the rate of five miles 
an hour. 

The supposed want of sufficient ad}iesion of the wheals 
to the rails, prevented any considerable use of locomotive 
engines, till 1811 — ^when Mr. Blenkinsop of Middleton 
Colliery, near Leeds, obtained a patent for the application 
of a rack or toothed rail, into which wheels turned by the 
engine worked, and thus moved the carriage. 

Plate 1, fig. 3, represents Mr. Blenkinsop's engine, and 
the rack-rail. The plate will explain the form of this en- 
gine. It has two cylinders A. B. the motion from each 
piston being communicated to the large cog wheel, through 
the rods c c. and d d. and the two small cog wheels with 
which they are connected. The cogs on this rail, consist 
of semi-circular protuberances, projecting horizontally 2 
or 3 inches from the outer side of the rail. This kind of 
rail is used only on one side of the road, the other rail be- 
ing of the usual kind. The boiler is cylindrical, heated 
by a circular tube passing through it. 

Engines of this kind were put in operation in 1811 or 
1812, on the rail road from Middleton to Leeds, and have 

9 
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been used ever since. One of Uiem is said to GonTey27 
wagons^ cairyifig 90 tons of coaL ^ 

Mr. Blackett of the Wjjlam Colliery, was the first in- 
dividual who established the practicability of effecting mo- 
tion with sufficient loads, by the adhesion of the engine 
wheels to^the rails. This was in 1813. ^is engine had 
but one cylinder and piston, which was found disadvan- 
tageous; as, notwithstanding the use of a fly wheel, the 
motion was irt^gular. And whenever the engine happened 
to stop, with the piston at the top or bottom of its stroke, 
it could not be put in motion till it had been moved by ma- 
nual power, so as to give leverage to the action of the pis- 
ton rod. TVo cylinders haye, therefore, htea usually 
chosen, the rods from the pistons being attached in such 
inanner that when one is at its dead point (that is, at the top 
or bottom of its stroke), the othw shall be at Jjie middle oi 
its stroke, and point of greatest power. This combination 
renders a balance or fly wheel unnecessary. 

The principal improvements ia locomotive endues prior 
to the year 1829, were made by Mr, Oeorob Stephenson^ 
who was engaged at the KiUingworth Colliery Rail^road. 
In 1815, he, in conjunction with Mr. Dodd, took a patent 
for applying the motion directly to the wheels of the engine 
by attaching the piston rods to one spoke in each wheel, 
avoiding the use of cog wheels through which the motion 
had before been transmitted to the axles. And in 1816, 
Mr. Stephenscm, in conjunction with Mr. Losu, took « 
patent for supporting the weight of the boiler and engine, 
or a part of it, by pistons extending into the boiler at or 
near its bottom, and resting on the axles, the escape of the 
steam being prevented by packing. The elasticity of the 
steam in tiie boiler, resting on the tops of these pistons, 
tends to raise the boiler up, and gives it a spring, so that 
the weight is divided equally upon the axles, in case of 
irregularity in the motion of the carriage, produced by un- 
evenness in the lails. 

• I believe the present engineer on the Liverpool and Manchester 
RaiUway. 
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Plate 1^ iig. &, represents one 4>f these eBgines^ with the 
omissioa of some subordinate partS; not necessary to its elu- 
cidation. 

In the plate^ one side of the boiler is supposed to be re« 
moved^ so that its interior^ and the pistons that partly sup- 
port the Jboiler are seen. The boiler is at liberty to move 
up and down^ so that it may spring when the carriage is 
jolted. * • 

The endless chain extending between the wheels^ serves 
to transmit the motion from the one wheel to the other^ so 
as to iBivoid the necessity of a fly wheels and it keeps the 
wheels in such position that when one piston is at the top or 
bottom^ the other wiS be at the middle of its stroke. 

If it were wished to obtain the advantage of the adhe- 
sion of six wheels tio the rail^ to aid in ascending accli- 
vities^ toothed wheels may be attached to the middle wheels 
of the carriage and the chain passing over them^ they must 
n^cessaiily move with the other wheels. 

"^The hte offer of a prize of ,3&$00 for the best engine^ 
bvthe Directors of the Livertiool and Manchester Rail- way, 
produced three engines of superior excellencei which we 
shall proceed to describe. 

1. THE ROCKET. 

This engine, which obtained the prize, was made by 
Robert Stephenson of New Castle.* 

Annexed is an external elevation of the Rocket and its 
tender, on a scale of a quarter of an inch to a foot. 

The furnace A. is two feet wide by six feet high : the boiler B. is 
6 feet long and 3 feet in diameter. The furnace has an external 
casing, between which and the fire plate there is a space of 3 inches 
filled with water and communicating with the boiler. The heated 
air is circulated through the boiler by means of twenty-five cop* 
per pipes pf three inches each in diameter, which have their 
termination in the tall chimney, C. FG are safety valves; HH 
the steam cductionjipe. D, one of two steam cylinders which 

• Said to bf the son of Gtorge Stephenson before mentioned. 
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have an- angular inclination towards the wheels, and embrace like 
two arms the boiler between them. E, one of the connecting rods 
which give motion to the wheels; c, the slide of the piston of the 
cylinder seen in the engraving; and o, one of the two escape-pipes. 
M, is "Ihe part of the tender appropriated to the carriage of fuel; 
N the water-cask. 

The weight of this engine with its compliment of water, 
is 4 tons 5 cwt. 

The following is a description of some of the perform- 
ances of the, Rocket. 

On the first day it ran at the rate of 15 miles an hour, 
with a load of 13 tons, beside the engine. 

On the third day it went 70 miles with three times its 
weight, at a rate of upwards of 11 miles an hour, includ- 
ing stoppages. At one time it performed 13 miles within 
the hour. 

On the fifth day, without a load, it went seven miles in 
14 minutes, or 30 miles an hour. 

On the 8th day, it several times ascended the inclined 
plane at Rainhill, whicl^ rises 1 foot in 96, or 55 feet to the 
mile, with heavy loads of passengers, at the rate of 12 mil^s 
an hour. 

Subsequently its performances were still greater. 

A load of 33 tons was attached to the carriage which it 
drew several miles at 13| miles an hour. An additional 
load was then pijt on, which raised it to 37^ tons, and with 
this it proceeded at the rate of 13| miles an hour, its speed 
constantly increasing as it got into practice. The load was 
then raised to 42 tons, or ten times the weight of the engine, 
and with this it proceeded 'at the average rate of 14 miles 
an hour. , 

Another class of experiments was afterwards tried to as- 
certain with what load, and at what rate it would ascend the 
inclined plane at Sutton, when it was found that with 11 
tons it travelled the 1^ mile in 5 minutes and 35 seconds, or 
16 miles an hour ; and with 16 tons in 7 minutes 10 seconds, 
or 13^ miles an hour. » 

The Directors of the Railway ordered four more engines 
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on the same principle as the Rocket^ one of which^ the 
Wildfire, has been completed. It has larger wheels^ cylin- 
ders^ sti^d pistons^ than the Rocket^ and is said to exceed it 
in ppwer. 

The Movbltt. 
This Engine^ made by Braithwaite and Enicksson; of Lon- 
don^ is on an entirely new plan^ affording great lightness ; 
its whole weight being 2 tons 15 cwt. without water or fuel j 
or with water and fuel^ in the boiler and furnace^ 3 tons. 

The prefixed engraving, No. 1, exhibit$ the external elevation of 
the engine. F is the carriage-frame ; £ the end of a circular boiler 
which passes under the carriage-frame towards the steam chamber 
A ; L a hopper to receive the fuel, (which is carried in two small 
baskets placed on the frame), whence it falls though a pipe in the 
centre of the steam chamber A, into the furnace S ; M the ash pit $ 
D and N two working cylinders and their slides (one of each only is 
• seen in the engraving) ; B the water-tank ; C an air-compressing 
apparatus, which acts on the furnace through the medium of a pipe 
that passes under the frame- work, and ends at K ; K a pipe for the 
escape of the heated air ; O G the connecting rods which impart the 
action of the pistons to the wheels. 

The boiler is made to contain about 45 gallons of water; the 
diameter of each of the cylinders \% 6 inches, and the length of the 
stroke 13. 

The engraving, No. 3, is intended to explain more particularly a 
very beautiful arrangement of the springs, to which this engine is 
I mainly indebted for its superior steadiness when in action. The 

i axle-trees, being cranked, are fixed to the iron rod A, and a sling, C 

; is introduced to obviate that side action which would otherwise take 

- place between the rod and the carriage-frame B. Again, to prevent 

the action of the springs from interfering with the action of the en- 
^ gine, the connecting rod, D, is placed as nearly in a horizontal posi- 

tion as possible ; the connecting rods are moved by bell-cranks, £, 
which are connected by slings, F, with the piston rod. 
I The wheels are of the excellent description patented by Messrs. 

I Jones & Co., and the choice of them by Messrs, Braithwaite and 

Erricksson is as strong a tribute as could well have been paid to 
their merits. From the peculiar matmer of their construction, they 
act with the least possible interference from the weight of the engine, 
. and being perfectly cylindrical, bear equally with their whole breadth 

on the rails. The lightness for which these wheels are famed, is not 
in this instance so remarkable, '<The Novelty*^ being itself in its 



Digitized by VjOOQIC 



66 Of Locomotive Engines. 

mail) parts so light, as to throw other things in comparison with it 
into the shade. Of the total weight of 3 tons 15 cwt., we believe 18 
cwt. falls to the share of the wheels. 

S is the furnace, which is supplied with fu«l from the hopper L 
(see the annexed engraving, No. 3,) through the vertical tube in the 
centre of the steam-chamber A ; . the heated air from this furnace 
passes off through a flue, which is made to wind twice or thrice up and 
down the cylinder ££, and gradually diminishes in diameter till its 
termination in the escape-pipe Q. The parts shaded in the sketch 
are those occupied by the water, which, it will be observed, sur- 
rounds the boiler as well as the flue. . 

The extent of surface exposed to th^ action of the heat l)y this ar- 
rangement, is a great deal less than iu other engines ; and were the 
heat left to circulate aain other ctogines, through the agency of what 
is commonly called atmospheric draught merely, there would pro- 
bably be nothing gained in respect of the quantity of steam generat- 
ed. But instead of depending on the atmospheric draught, Messrs. ^ 
Braithwaite and Erricksson make use of the bellows-sort of appara- 
tus (CK) in No. I, to force the heated air through the flue ; and by 
thus supplying a greater quantity of caloric in a given time, they ob- 
tain an effect precisely analogous to what would result from doub- 
ling or quadrupling the size of the furnace and the extent of the 
flue. 

The flue is made to diminish graduallyy because the heated air 
cools in its passage through it, and gradually requires less and less 
vent. It has also a downward inclination given to it, as represented 
in the sketch— such, that if a marble ball were dropped in. at the fur- 
nace end, it would roll rapidly through all the convolutions of the 
pipe to the other extremity ; and the object of so constructing it, ig, 
that any dust which may arise from the furnace may have always a 
descending passage to escape by. 

. In the specification of the j)atent which Messrs. Braithwaite and 
Erricksson have taken out for this mode of generating steam, men- 
tion is made of two air-forcing pipes : one by which atmospheric air 
is forced on to the tofi of the fuel in the furnace ; and another through 
which the air is forced under the bottom of the fuel. A double sup- 
ply of air, however, is only considered necessary where coal is the 
fuel employed, in order to insure its combustion more effectually ; 
and where fuel of the purity of coke is made use of, as in " The No- 
velty,'* the upper pipe is dispensed with. 

There are, of course, cocks to regulate the transmission of air 
through the ^ipe K ; also safety-valves to the boiler and steamcham- 
ber; but these, as well as the feed-pump for supplying the water 
from the tank, have been left out in our sketches, as being unneces- 
sary to illustrate the principle of the engine. 
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Performance. 

The Novelty sometimes^ with light loads^ ran at the rate 
of 30 miles an hour. 

With three times its weight, it went at an average rate 
exceeding 16 miles an hour, when underway, and a part of 
the distance at about 20 miles an hour. 

With Winans' wagons, it drew 32 tons, or upwards of 10 
times its weight, at 13 miles an hour ; and with Stephen- 
son's wagons it drew 23 tons at the same rate. 

It does not appear to have succeeded in long joumies with 
heavy loads so well as the Rocket. Yet its simple arrange* 
ment, its lightness, and steadiness, excited general admira- 
tion. 

The Sans Pareil. — By Mr. Aekworth^ of Darlington. 

The preceding engraving presents an external view of this engine 
and its tender, on the same scale as the " Rocket," namely, a quarter 
of an inch to a foot. It exhibits in its general appearance—- particu- 
larly ia its large dimensions — a near resemblance to Mr. Stephen- 
iK>n's engine ; but is much more compactly arranged, and on account 
of this compactness, travels with much greater steadiness. The fur- 
nace and boiler are not placed head and tail-wise, as in " The 
Rocket," but form together the main body (B) of the engine, being 
constructed in the manner represented in the following diagram :— 




A is the furnace, bb the flue or tube through which the heated air 
passes in the direction marked by the arrows, to the chimney C. 
The boiler (^oooo) surrounds the furnace and flue. The working- 
cylinder D, and connecting-rod E, &c.,are similar to those of" The 
Rocket," with the exception of being vertical instead of horizontal. 
The waste stream passes into an external pipe G, which has an as- 
cending direction given to it towards the chimney C ; so that what- 
ever portion of it is there condensed may fall back through the ver- 
tical branch-pipe at its lower extremity into the feed-pumps (one of 
which is only represented in the drawing.) 

The weight of the Sans Pareil is 4 tons, & cwt. 3 qrs. 
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Performance. 

For a distance of 25 miles, the Sans Pareil travelled 14 
miles an hour with three times her weight. One of the 
forcing pumps for the supply of the boiler was out of order, 
which prevented ber continuing the distance of 70 mileS; 
fixed on for the competition. 

The engine was purchased of Mr. Ackworth, by the Di- 
rectors of the Railway. 



Of Desiderata in Locomotive Engines. ~ 

It is important to make engines for locomotion as light 
as possibk, in proportion to the power, in order that they 
may draw the greater load in proportion to their own weight. 

This is to be eflfected chiefly by having the greatest possi- 
ble quantity of surface exposed to the heat, with a given 
sized boiler and weight of water, so that steam may be pro- 
duced with great rapidity. The plan of having a great num- 
ber of cylindrical tubes pass through the boiler, after the 
manner of that of the Rocket, invented by Mr. Booth, is 
very advantageous. 

Suppose a single tube or flue of 30 inches diameter, 
passed through the boiler, the surface exposed would be 60 
square inches to each inch in length. The 25 copper tubes 
of 3 inches diameter, occupy no more space than this one 
large tube would. But the 25 tubes expose 9 inches of sur- 
face each, making 225 inches in all to each inch in length, 
showing an advantage of nearly 4 to 1, by using the small 
tubes. 

Again, if the tubes were 1| inches only in diameter, and 
their number 50, they would occupy no more space than at 
present, but the surface exposed would be 4* inches to each 
tube, or 450 inches in all, making an advantage of more than 
7 to 1 in favour of the small tubes, compared with one large 
one. 

All the small tubes will weigh no more than the one large 
one; for the thickness necessary to secure the proper 
strength, is precisely in proportion to the diameter. If one 
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inch thickness is required for the large tube^ one- twentieth 
of an inch is sufficient for the small one. ' 

An additional advantage of the small tubes is^ that being 
much thinner, they will convey the heat to the water much 
faster, in proportion to the surface exposed, than a thick 
tube. 

There is a like saving in the weight of the boiler. The 
strength requisite in the boiler to prevent its separation 
or bursting, is in proportion to its diameter ; for the press- 
ure at any point tending to rupture it, is in proportion to the 
sum total pf all the pressures on one side of it. 

By reducing the boiler one half in diameter, we may re- 
duce it one half in thickness, making a reduction of three- 
fourths in the weight. 

Take a boiler of three feet in diameter with a single tube 
of 18 inches; required to know the comparative weight of 
a boiler, having small tubes of 2 inches in diameter, to ex- 
pose the same surface as that with the large tube. 
' The large tube exposes 54 inches: the small ones will 
expose 6 inches each. Nine of .them will therefore be re- 
quired. These will occupy a space of six inches square. 
Twelve inches diameter will therefore answer for the boiler. 
The boiler must consequently be one-third as thick as the 
other; and being but one- third as large, it will weigh only 
one-ninth as much. 

Hence we see the advantage of a boiler like that of the 
Novelty, in bein^ long and narrow. The defSect in the 
Novelty^s is, that instead of one tube, it should have four 
or six, going but once or twice through the length of the 
boiler. 

Another mode of saving, in weight, is to produce an 
interne heat; as the radiation to the water in that case will 
be greater on each inch of surface. The bellows adopted 
in the Novelty, will effect this object 

The working with high steam will also assist in the re- 
duction of weight. An intense heat will enable the use of 
high steam: and if boilers of small diameter are used, the 
strain will be less than that of low steam in larger boilers. 
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Working the engine with great velocity will also aid in a 
reduction of weight in the cylinders and pistons^ as they 
will expend more steam and do more work in a given time^ 
by moving fast than slow^ without any loss of power^ if 
within reasonable limits. 

A reduction in the size of the steam chamber^ as well as 
in the quantity of water carried, will farther serve the same 
purpose. The objection made to this course, is, that the 
pumping in of fresh water, will cool the boiler, and the 
steam, too fast, if there be not a large quantity of steam in 
the boiler. This difficulty, occurring in the ordinary mode, 
will be in a great measure obviated by the use of the bel- 
lows, to produce a sudden and powerful heat, as well as by 
having the water to be used, previously heated, by conden- 
sing the steam in it, after it leaves the boiler. By the lat- 
ter process the water may be nearly at the boiling point, 
when pumped into the boiler.* 

In locomotive engines, the time may be chosen to pump 
in water, when the descent of a declivity is commenced, 
and the engine will need little or no steam to urge it for- 
ward. By the time it commences an ascent, the steam, 
with the aid of the bellows, will have got sufficiently high. 

Economy of Fuel and Steam. 

Perhaps the most obvious mode of saving fuel is by work- 
ing with as high steam, as is practicable and safe- 
It is well established, that a pound of steam, under high 
pressure, contains no more heat than a pound under low 
pressure. (Henry's Chemistry, Art Caloric, p. 149.) It 
is true, the high steam appears hotter, and will affect the 
thermometer more, but this is because it is compressed into 
smaller bulk, and has less latent, but more active heat. 

The following table will represent nearly the proportion- 
ate power of a given weight of steam under different pres- 
sures, in addition to that of the common atmosphere. 

• The engine used at the mint in Philadelphia, has the steam, 
after it has done its work, pass through several tubes, which tubes 
pass through the water intended for use. Thus the water is kept at 
the boiling point. 
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Power. 
Under 1 atmosphere or islbs. per inch, i heat 250 degrees, 
a 3 45 u a 3 (c 293 " 

« 7 105 " " 3 " 343 " 

"15 325 <«, " 4 " 400 supposed. 

Whence we find the power increase in so small a ratio to 
the increase of pressure, after we reach 1051bs. to' the inch, 
that it is not an object to incur the increased strength and 
weight of boiler, and increased danger from working at a 
higher rate. The common high pressure engines have usually 
1501bs. on the safety valve, but probably work with steam 
at about iOOlbs. They are, therefore, nearly right. It 
might be more prudent to reduce the weight on the valve 
to 1251bs. 

In order to render high steam profitable, it must be cut 
off short of the full stroke. For if the cylinder full of 
steam at the same density as that in the boiler be allowed to 
escape at every stroke, the high steam, working against a 
vacuum, would do no more work in proportion to its weight 
and heat, than the low steam. A cylinder full at 1051bs. 
pressure, would do seven times the work, or move seven 
times the load of a cylinder full at a pressure of 151bs.; but 
it would have seven times the density and seven times the 
quantity of water. The only saving by high steam, work- 
ing at full stroke^ results from the less proportion which 
' the resistance of the atmosphere bears to the power of the 
high steam than to that of the low. 

Tredgold estimates the proper place for cutting off the 
steam to be | stroke for steam of 3 atmospheres, or 44|lbs. 
to the inch : and | stroke for steam under a pressure of 7 
atmospheres, or 1041bs. to the inch. This is not to cut it 
off so soon as theory would dictate. The above rates are 
probably correct, estimating the steam by the pressure on 
the safety valve, but engines are rarely worked under a 
pressure very near the weight on the valve. If it be ac- 
tually worked at 104 lbs., the steam should be cut off at 
quarter stroke. A gain of above 50 per cent in power 
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is obtained by cutting it off thus^ instead of allowing it to 
escape during the whole stroke of the piston.* 

Where there is but one cylinder and piston to an engine^ 
inconveniences may result from cutting off the steam so 
soon : but with two cylinders^ as used on rail-ways^ no evil 
results^ for when the steam in one cylinder is weakest^ that 
in the other is strongest, and an equilibrium is preserved. 

Another mode of saving fuel^ is ]to have the furnace so 
constructed^ and the fire so made^ that no air can pass into 
and through the flue^ without a perfect combustion of its 
oxygen. This is attainable by having the coal fill the fur- 
nace completely^ to a considerable depths and the air forced 
through it by a bellows^ as in the Novelty. Suppose dou- 
ble the quantity of air which is necessary passes into the 
flue^ then that^hich has not its oxygen consumed^ mixes 
with the other^ and reduces the temperataire on^ half: 
nearly double the size and extent of tubes or flues are ne- 
cessary to convey it away; and thus the weight of the en- 
gine is increased. t And when ,the air leaves the flue^ it 
wiH convey away heat unnecessarily. It must pass away at 
a heat above that of the water, at the end of the flue. 
Suppose it to pass away at a heat of 160^, while the atmos- 

♦ Tredgold on Rail-roads, Sec. p. 161.— It is probable Tredgold 
made bis calculations from actual experiment. This, if the engine 
was worked as many are, would lead to error. In many cases the 
induction pipe by which the steam enters the cylinder is so small, 
or is so far closed by the throttle valve, that the steam in the cylin- 
der when the stroke is cut off, is of much less density than that in 
the boiler. The advantage of the high steam is therefore, in a great 
measure, lost. The passage into the cylinder should be of the same 
size with the piston, and the stroke cut off at such place as would 
give the proper power. 

t Sir Isaac Newton calculated that the proportion of heat which 
a body lost in one minute, was 9-lOths of what it possessed above 
the surrounding medium. Thus, if the heated aii* passes into the 
tube at a heat of 1000 degrees above the water of the boiler, it will 
lose in one minute 900 degrees : but if the air enters iat a heat of 
500 above the water, it ^ill lose in the minute but 450 degrees, so 
that if unconsumed air be mixed with the consumed, in equal quan- 
tity, preci^ly double the extent of surface of tubes will be neces- 
sary to abstract the same quantity of heat in,tlie same time. Hence 
the advantage of an intense heat, which the anthracite coal is far 
better adapted to produce than the bituminous. 
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phere is at 6(P; if dotiWe the necessary quantity of air ^ 

passes out, 100? of heat in the additional quantity of air, 

will be unnecessarily wasted. i 

A further mode of saving fud, is to have tfie tubes or 
flues pass out of tSie boiler, ai the loijbest part of tt^ where 
the water is <?oldest, and have the fresh supplies of water 
pumped M at the isame placje. The tubes should, therefore, 
always slope downwards, toward that iend of the boiler , 

where they enter the chimney: wd it magbt be well to have 
that end rather lower than the other. In this way, the 
he^ated air may pass otf at a temperature, periiaps, of no 
more Uian 100*, while the steam, in another part of the 
boiler, is at a temperature of 300^ ^hiis method is object- 
ed to, because the cooHi^ of .the air in the flues will dimi- 
nish the draught. But where thwe is an artificial draught, 
by meai|S of a bellows, the objection will be cjyviated. 

Another method of saving heat, is by condensing the 
ste^m that has been used, into the water that is to be used, 
80 as to heat it./ This* principle is adopted to a certain ex- 
tent in the Sans Pareil. The plafi of the Novelty, of car- 
rying water with the engine, is particularly favourable to 
its adoption. r • 

The nse «f small pipes, as in the Rocket, is favourable 
to the saving of heat; and the smaller they are, the better, 
so that th^y can be cleansed in case of stoppage.* The 
principle 6jx which heat is conveyed from the air in the 
tubes, to the bmler, is this : the hottest air, being lightest, 
rises highest, but on touching the surface of the tube',, it 
k)ses a part of its heat, and, becoming heavier, descends, 
and other air supplies its place and goes through the same 
process. From this it is evident that the air in a small tube, 
will become far more completely cooled in passing the same 
distances, tiianin a large tuhe. The thintiess which the 
small tubes admit, also aids the process. The tubes of the 

• The downward direction ©f the tabe^asinthc Novelty, will aid 
S;reatly in pl^e venting its becoming choked r 

11 
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Rocket are rfcry properly made ot copper ^ at that metal 
conducts heat more rapidly than iron* 

Such are the methods by which fuel inay be economized. 
This object^ however, is of less importance where coal is • 
abundant, than that of obtaining great power in the engine, 
in proportion to its cost and weight ; for fuel is ^ut a small 
part of the expense of transportation on rail- ways, neai;coal 
mines. ^ ' ' 

The greatest saving of fuel that had been attained ia 
1825, was the conveyance of 56 J tons (inqludUig engine), 
1 mile, with 51,551bs. coal. — Wood, p. 264. 

The Rocket is said to have consumed about half a ton of 
coal in going 70 miles, with a load of 17 tons, including 
the engine, which gives about a pound per ton to the mile. 
But she made many stops, as the route was by going and 
returning on a plane of 1| miles Icmg: ^nd she would dqubt- 
less haye consumed less coal in proportion^ when she carri- 
ed greater loads. 

Thfe Sans Pareil consumed more than the Rocket* The, 
owners of the Novelty professed to be able to . travel with • 
one-third of a pound of coke per mile to each ton of wagons 
and goods. And they actually succeeded in using no' more 
than nine twenty-fifths of a pmind per mile to each ton, 
while the engine was under way at full speed : the trips 
being but one and a half miles each. But it is presumable 
that steam, accumulated ^t the ends of the trips, was ex- 
pi&nded during the travelling, so that the real quantity of 
coal was more tlian the above. . 

The steam was up' in the experiment for six and a quarter 
hours, during which time the tons carried were equivaleut 
to 960|, for a distance of one mile, and the coke consumed 
was 5261bs.,'^besides 521bs. in getting up the st6am. TJiere 
was doubtless a loss of heat, from stoppages at the ends of " 
the plane : so that we may presume the real expenditure, if ' 
the voyage had been directly onward, would have been not 
more than half a pound per mile to each ton. 

Messrs. BraithwaiteancJErricksson, after this experiment, 
proposed to contraot with the Directors, to supply engines 
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not exceeding 5 tons in weighty that should draw 100 tons 
gross Weight, at 15 miles an hou^ on perfectly clean and 
level roads, with a consumption of coke not exceeding one- 
third of a pound per mile to each ton. • 

This would be far within the effect of coal as estimated- 
by Mr. Tredgold, applying his estimate to wagons having 
a friction of one three-hundredth part of their weight. 

The following is Mr. Tredgold's Table : 

Maximum Power of the Steam of- a Cubic Foot of TFater, 
in High Pressure Steam Engines. 



Temperature 
of Steam. 


Total force of 

Steam, in inches 

of Mercury. 


Force of Steam 

in lbs. per square 

inch, above the 

athiosphere. 


Maximum Mechanical Power of the 
St^am of a Cubic foot of Water, 
in lbs. raised one foot high. 


Proportion of tlie 
stroke to cut off 
the Steam to ob- 
tain the Maximum 
by expansion. 


rcastle coal 
;rt 1 cubic 
f Water 
Steam. 


When working a;t 
full pressure. 


Acting expansive- 


Jill 

^3 


-220° 
234j 
251 
U7S 
292.8 
307.7 
320.2 
343.6 


inches. 
35 
45- 
60 ' 
90 

120- 

\50 . 

180 

240 


lbs. 

2.5 

7.4 - 

14.8 

29.7 

'•44.5 

59.3 

74.2 

104 


lbs. 

neg^tivfe. 

287,000 

864,000 

1,495,000 

1,830,000 

2,054,000 

2,202,000 

2,444,000 


r lbs. 

negative. 

. 985,000 
1,927,000 
2,540,000 
2,988,000 
3,326,000 
3,832,000 


3-4 
7-1.2 

1-2 
9-20 
542 

3-8 


lbs. 

8.5 

8.67 

8.87 - 

9.16 

9.37 

9.55 

9.7 

9.98 



The above estimates give but three-fourths of the efltect 
to lib. of coal, which has actually been obtained in conden- 
sing engines. One of Wolfe's engines at Wheal Abraham 
mine, raises 44 millions of pounds of water 1 foot high, 
with a bushel (about 84lbs.) of good Newcastle coal, — 
Tredgoldy p, 166. 

According to the experiment? of Mr. Marcus Bull, 7lbs. 
of Schuylkill coal are equal to lOlbs. of Newcaustle coal. 
Hazard's Pen/i.jffeg-i^/er, vol. 4. p. 100. 

It is an inquiry of interest, what is the amount of work 
which may hereafter probably be done on rail-ways, of the 
most improved construction, with a certain quantity of coal, 
and at a certain cost on a level rai}-way. 

If friction of carriages be reduced to lib. in''600, then 
lib. of Schuylkill coal, with steam at 104 lbs. pressure to 
the inch, should, according to Mr. Tredgold's estimate. 
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CQXkvty 22 fcms (includiiig ctpriages}> 1 mile od a leyel rail*- 
way. And 11 lbs. coal to each tou of good% would be suJBi* 
cient ftn* transportation fron^ the Schuylkill coal mines to 
Philadelphia^ and, the return of the empty'wagons. Ele- 
ven pounds coal will soon be bought at the mines for half a 
cent (or 8l per ton). Making the cost of coal | a cent for 
conveying 1 ton 100 miles to tide water. 

Whether these results will evf^r be attained^ time must 
determine. 

At the rate already attained by the Novelty, with wa- 
gons of the old construction, 5 cents wwth of coal at the 
mine, is sufficient for transportation of 1 ton io Philadel- 
phia, and the return of the wagons. 

Of Adhesion to the Bails, 

The obtaining of the greatest adhesion of the engine- 
wheels ^0 the rails, so as to draw heavy loads up ascents of 
steepness, is a prime desideratum. We hare seen that 
the adhesion at the maximum short of abrasion, is lib. in 
27Vbs.:* and the weight necessary to attain this, is 7091 bs. 
on the square inch. This, if upon wheels conliected toge- 
ther, like those of the Sans Pareil, and the IQUingwOrth 
engine, should produce an adhesion of 12331bs. on 2 inch 
rails, 18491bs. on 3 inch rails, and 24661bs, on 4 inch rails : 
and the proper weight of engine to attaih this adhesion,, 
should be from 1| to 2 tons, on 2 inch rails, and the others 
in proportion. Engines of the weight of the Rocket, are 
therefore sufficient to give the necessary adhesioti, on the 
4 inch rails. 

The loads drawn up ascents of 60 feet to the mile, al- 
lowing lib. in 300 for friction, would be, including engines 
and wagons ; 

With 2 inch rails, 41 tons. 
With 3. ^^ do. 60 J tons. 
With 4 '' do.. 82 tons. 

* Ante p. 27. — Tredgold,by trying an empty carriage, cstimaited 
the adhesion at but 1 lb. in 6 :.but wehavc seen from Rennie's expe- 
riments, that an increase of weight more than doubles the pro- 
portionate adhesion. ' ^ . 
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With engines like the Rocket and Novelty, haviiig oh^ 
two of their wheels obliged to move with the engine, the 
quantity would be one half the abovei. But their adhesion 
Wjould be n/sarly suiicient to draw the above named quanti- 
ties on a road riang but 27 feet in the mile. 

' If more adhesion- is wanted than the smooth 4 inch rail 
will afford, the cog wheel ai|d rapk rail of Mr. Blenkinspp, 
already described, may be used, being geared so as to re- 
volve with the other wheals, and the rack rail 43eing laid 
only where the ascent is great, and only on the ascending 
track. It has been proposed to place it between the other 
rails, so that a cog wheel on the middle of on^ of the axles 
may run in it. 

Perhaps a better plan, would be to have the engine 
wheels, or the two hinder wheels of the engine, made 4 
inches broad, with the outer part of the rim to the width 
of two inches, indented with cogs. The out^r part of rails 
4 inches wide, might be raised into cogs of the width of 1| 
inch, to correspond with cogs on tlie wheels. This might 
be done by passing iron plates through rollers properly in- 
dented, so that the cogs on the outer part of the rail would 
be raised above the general surface of the iron, sufficiently 
to take hold in the indentations iipon the engine wheels. 

Friction upon^ and Injury to the Hails. 

The heavy engines on the Stockton and Darlington rail- 
way, are said to have their wheels worn into groovers, which 
injure the rails, and twist theni out of place, so that men 
are kept almost constantly employed to set them ri^t. This 
inconvenience wiH probably be avoided by the use "of light 
engines. If we can reduce the weight so that it will not 
be sufficient to abrade the rails, when the wheels slide over 
them, the wheds will not wear into grooves for a long time, 
and the rails will suffer little iiuury. 

There will still, however, with ordinary carriages, be 
two kinds of friction which it would be well to avoid. One 
is the rubbing of the fli^nges against the raik: the other the 
dipping of the wheels forward or backward in making turns, 
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in coBseqilence of the outer wheel haying farther to travel 
than the inner* This can be remedied in the wagons for 
burthen^ by modes already mentbned : but it is more difll* 
cult to do it with engines^ and not encounter a greater in- 
convenience. . ' 

If the road makes tum& equivalent to a complete circuit 
for every mile, which is far more than is to be expected in 
any case, the outer engine wheels wouM have to slip, over a 
distance of 30 feet, if the rails were five feet asunder. Half 
the weight of the engine would be subjected to this friction^ 
Allowing the friction to be lib. in Z^yhs., the total amount 
would occasion an average resistance on the whole distance 
travelled, of only one eigh^hundred-and-ninth part of the 
weight of the engine. The sum of disadvantage is, there- 
fore, small. ' • 

It is very doubtful whether it can be overcame advanta- 
geously. Any variations of machinery, for the purpose, 
must involve increased expense, and jwobably increased 
friction.. The difficulty might in some measurebe obviated, 
perhaps^ by allowing a space of about half an inch on the 
engine wheels between the flange- and the rail, and liaving 
the wheels conical, Kke those of Mr. Wright, and the ra^i 
sloped to conform to them. ; • 

William Howard, Esq. qf Baltimor^i, has patented a Lo- 
comotive Engine Carriage, having in view the attainment of 
the two objects of keeping the axles always at right angles 
with the rails, and allowing the outer wheels, where the 
road is curved, to move faster than the inner ones. 

He proposes to accomplish the first object by having the 
weight of the boiler rest on tHe Mntres of the axles, round 
which centres the axles are at liberty to play^; the axles ar^ 
connected together by a 'beam passing iVomi one to the ^er^ 
which beam is divided in the centre, and provided with a 
tooth and socket, which permits one end to play in the other. 
This contrivance obliges the hinder wheels to follow the for- 
ward ones. 

To allow of the play of the axles without interference 
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wUh tke pifton rod^ the C£06s*bar at the head of the p^dn 
rod is connected by a bolt^ so that the bar can revolve ; tha 
guides in which the ends of the bar moye^ are made fast tp 
the ends of the axle^ and turn with it. TThese guides ar^ 
kept perpendicular by having their upper ends fixed in a 
frame; in. which they are at liberty to slide backwards and 
ferwards^ as the axle changes its position. To preserve a 
uniformity of motion^ the beads of the pistdn rods are con- 
nected by a longitudinal balance beam^ so that one piston 
cannot move faster than tbeotlier. 

The outer wheels on a curved road are allowed to move 
faster than the inner ones^ by being left at liberty tq move 
round the axle so as to revolve faster than the axle ; but 
tbey are not .allowed to move ^ower, being prevented by 
A catch and springs which work 09 a* raHchet wheel; ta 
whidh the rods upon the cross-bar of the piston rod are 
attached. 

Plate 1; fig. 5, shows a drawing of this carriage ; aa are 
the upright supports or glides to the shackle bars. These 
guides are connected at top by a bolt so they can move ho- 
rizont^ly in the franie bbfc^ the joint in the beam which 
connects the axles ; dd are the ratchet wheels so connected 
with the main wheels that the latter can move Setster but not 
slower than the 'former. . 

'The rest of the drawing will be sufficiently understood. 

The objections to this carriage may be : 1. That the two 
pistons are at their dead points at Uie same time^ so that 
the motioi^ will be irreguiar. 2. The resting of the whole 
weight of the boiler aqd machinery at single points^ on the 
centres of the axles. 3. The difficulty of keeping the guides 
of the cross or; shackle bars sufficiently steady. These ob- 
jections do not apjJy to the ratchet wheel, which is the most 
valuable part of the pUtn^as it i^ of much more importance 
to allow one wh^el to move faster than the opposite^ than to 
have the axles at liberty to assume different angles. The 
curves are so gradual on rail^roads that the latter object is of 
little consequence* 
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It app^aira pr^bable^ however^ that no mode of pt^itfut- 
iflg any considerable slipping of the wheels can be so simple 
and unincumbered^ as the. adoption of conical wheels with 
rails to fit them. . ' • , 

Tlte iron, plates for the Tails> might be mad€ ^ of afa inch 
thinner at their inner than their ontei^ ^ges; the rims of 
the wheeld having the ssime slope; The • axles may be tsst^ 
but shoi|ld be placed as near each other asr practicable^ like 
those in the Sans Pareil Engine^ 99 ttoit thty \rill have verV 
little tendency to assume different angles. 

Safety. ^ - 

It being impracticable 'to use cmdensing engineiSi dn rail^ 
roads^ on . account of the great weight- 6f the neceissary 
water> it will be important to make highr pr^sufe 'engines 
of such ooustrucfioii as. to avoid the aeeidenta that sometimes 
occur. , . - ' . ■ . : . ' ^ 

The obvious mode of doing this, is to use boilers of small 
diameter. This wift not cml^ dinmrish the danger of explo^ 
jfion, -but in a still greater' degree, tfrndaTigfer of injury in 
case of ruptute of the boiler. . By considering the danger 
from the bursting of a cracker, ^otopared with that ofa mus- 
ket, or thiit of a musket compai*ed' with tbat of a cannon, we- 
have a comparison of the dan^ of small ^boilers compared 
with large. . - 

• Besides the* dimini^nwi dangei^ of injuraf fp6m the bursts 
ing material, we have in tlie small boilet^ little danger of 
scaldiidg, from the smaH quantity of water used. 

' Various modes of using beileiis t)f' small tubes, have been 
tried by.Buqhanan, Perkins, Babcock, and Wadsworth. 
Most of these have fkiled of practical sueoess; from thef ajfT- 
plication of t<he*heat*to the otitside of. the boilers, in such 
manner, that a gr^t porfion w$s wastf^. ^ 

But fhe n>ode of tubes wUhin ih^ boiler iised in-lHe en-^ 
gines of the Roiktet and Novdty^x^bviates the difficulty. 

I believe there ba;s been no instaficeof . loss of Hfb"ft*6m*a 
boiler of small'diameter/ . -» * 

One half the sum of the pressure' of steam, upon as many 
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inches as there are in the diameter of the boiler^ constitutes 
the force tending to rupture the boiler. 
.** Take steam at 150lbs. to the inch, the following will be 
the sum of the pressure at any one plsuce tending to burst 
the boiler. 

Boiler 12 inches diameter, 900 lbs. 

do. 24 do. 1800 *' 

do. 36 do. 2700 '^ 

do. 48 do. 3600 " 

And as the stress is similar to that upon a rod hanging 
perpendicularly with a weight attached, which will sustain 
76,400lbs. to the square inch of iron, the following should 
be the thickness of the boilers, if we allow eight times the 
strength equivalent to sustain the pressure. 

Diameter of Boiler, Thickness of Iron. 

12 inches. -rV ^Q* nearly. 

24 in. -nr " 

36 in. tV '^ 

48 in. tIt *' 

The above comes near the thickness generally used for 
the larger boilers : but many boilers having the outer sur- 
face exposed to the heat, are in far more danger of burst- 
ing, than those where the heat is enclosed. The kind of 
iron abovementioned, will therefore be of more than suf- 
ficient thickness for boilers, the outside of which are not 
exposed to the action of the heat. 

A supposed danger on rail-roads is, that of the carriages 
running off the rails. If this be feared, more perfect safe- 
ty can be obtained by adopting the conical wheels, or by a 
method already practised, of raising the rail on the outer 
side of the curve, a little higher than the other, so as to 
counteract the tendency of the carriages to run off, as well 
as diminish the friction of the flanges of the wheels against 
the rails. The practical danger with this safeguard is little 
or nothing. 

•Adaptation of Parts of the Engine. 

It is important that the cylinders, pistons, boiler, and 

12 
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furnace of an engine^ be properly proportioned to each 
other^ 80 that the boiler have the proper extent of surface 
exposed to heat^ to generate steam fast enough for the size 
of the pistons ind the desired speed of the engine^ and the 
furnace be capable of burning coal fast enough to produce 
the requisite quantity of heat. Any excess in either part^ 
would add unnecessarily to the weight of the engine^ while 
a deficiency would diminish its power. 

The proper proportions are yet to be ^certained by ex- 
periment: for^ as I presume the bellows apparatus will be 
hereafter used^ a much smaller furnace will suffice^ than 
when the atmospheric draught alone is relied on for com- 
bustion. And as the boilers having small tubes will proba- 
bly also be used, we must ascertain how much faster they 
will conduct heat than the large flues of thick iron. 

I presume, if copper tubes of 1 inch in diameter be 
used, a surface of 36 square inches will be sufficient to boil 
one gallon of water per hour. For each gallon 1| to 2lbs. 
of anthracite coal may be required. And the average ef- 
fect of each gallon of water converted into steam, will pro- 
bably be equal to 400,0001bs. raised one foot high. 

If then, it be wished to* have the engine of sufficient 
power to move a resistance of half a ton* (on ascents), at 
the rate of six miles an hour, the surface exposed to heat 
should be 18 square feet; the quantity of water 72 gallons 
per hour converted into steam ; and the quantity of coal 
burned from 118 to 144lbs. per hour. 

Twelve tubes of 1 inch diameter, and six feet long, 
would give the 18 feet of surface, which, in addition to the 
surface exposed around the furnace, would probably be 
sufficient. Experiment, however, must decide this. 

If it be desired that an engine shall be capable of great 
variety in the velocity of its motion, so that it can ascend 
hills with a slow motion, and travel on levels with great ra- 
pidity : then it will be necessary that the piston stroke be a 
hng one, in proportion to the diameter of the wheels, so 

* Half a ton raised perpendicularly* 
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as to work slowly under a heavy pressure of steam^ upon 
ascents^ and rapidly^ with lighter steam^ on levels. Of 
course the diameter of cylinders and pistons will be less 
than if the stroke were short. The Novelty^s engine is 
incapable of ascending hills with a considerable load; be- 
cause her piston stroke being but 12 inches, the pressure 
would be so great as to stop the engine. She is calculated 
only for rapid travelling. 

It would probably be best, if uniform velocity could be 
had; to have the piston move with a very slow motion. But 
on rail-roads made with economy, there must be great va- 
riety of motion, in order to attain the full power of the 
engine. There will be but little loss of power in great 
velocity of piston ; for the motion of steam is so extremely 
rapid, that it can follow the piston with nearly its whole 
force, at a great speed. 

Gaseous bodies will rush into a vacuum with the same ve- 
locity which a heavy body would acquire in falling through 
an atmosphere of uniform density, and of sufficient height 
to produce the degree of pressure to which the gaseous 
body is exposed. 

One hundred cubic inches of steam under a pressure of 
151bs. to the inch, weigh about 19 grains.* Consequently 
151bs. of steam, in a column of 1 inch square, will be 
46,141 feet high, if of uniform density. The velocity of 
a falling body being in proportion to the square root of the 
distance fallen, allowing a heavy body to fall 16 feet in the 
first second, and acquire a velocity of 32 feet per second 
at the end of the first second, then the velocity acquired 
in falling 46,141 feet, would be 1720 feet per second near- 
ly; which is the velocity with which steam under a pres- 
surie of 151bs. per inch would rush into a vacuum. 1720 
feet per second, is 1172 miles per hour, — the velocity with 
which steam can follow a piston without exerting any force 
upon it.. If the piston moves at 11 miles an hour, the steam 
will lose but one hundredth part of its force. With 4 

• Gay Luisac. 
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feet wheels^ and the piston having a 24 inch stroke, the 
carriage would move d times as fast as the piston, or 33 
miles to 11 of the piston. Therefore, at whatever speed 
the carriage moves, there can be little loss from velocity of 
piston, unless it arises from the friction of steam against the 
sides of the cylinder. 

If the piston be small, with a long stroke, less strength 
and weight will be necessary in the workkig parts of the 
engine. 

If the piston rod be connected' with the spokes of the 
wheel, half way between the axle and thc^ rim, the strain 
upon the wheels would be less, and less strength and weight 
would be required than in the wheels of the Nov-elty, where 
the connexion is through the axle. 

Of Locomotives for Horse or Ox Power* 

At the Liverpool contest, an engine called the Cyclopedy 
made by Mr. Brandreth of that place, was exhibited. It 
consisted of a carriage worked by two horses standing with- 
in the wagon and carried along by it. 

The wagon was moved by two endless chains, running 
over the axles, with cross bars attached to the chains, upon 
which the horses stood, and by stepping gave motion to the 
cross bars and chains, and thence to the axles and wheels, 
the horses drawing by a chain attached to the end of the 
wagon, so that, as they could not leave their places, the 
platform on which they stood necessarily moved, in the 
manner of some horse boats on our rivers. 

Mr. Winans, also, it is said, has devised a carriage to 
be moved by horses ridiiitg in it. , 

It is highly probable that this mode of applying power 
will be found advantageous. Suppose the friction of car- 
riages shall be practically reduced to on6 600th part of 
their weight; the carriages, then, on a road constructed 
with tolerable economy, would move two-thirds of the dis- 
tance without any power applied ; for the descent of a small 
hill would give sufficient impetus to the wagons to carry 
them to the foot of the next hill, so that on an undulating 
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road; the only occasion for drawings would be up hilL The 
horses sta^ding in the carriage^ and their motion being com- 
municated to the main wheels by a ratchet wheel, whenever 
the carriage ^ould run from its gravity, the horses might 
stand still, and acquire strength for the next ascent. Every 
diminution of friction diminishes the advantage of steam 
power, for the st^am engine being expensive, and working 
but a part of the time, loses its advantages. 

But the horse can exert an irregular power with almost 
as much effect, as if lie worked constantly. 

The horses in this tvay> may work in hot weather under 
a constant shade. They may move but two miles an hour, 
while the wagons go 10 miles, so that passengers may be 
carried at the same time that goods are transported. The 
expense of horse paths will be saved, and the roads kept 
clear of dust. Cheap rail-roads will then answer for tra- 
velling at any speed: for the weight of the horses will not 
require the substantial construction necessary for steam en- 
gines. The rails never being subjected to a weight of more 
than 2 tons, their supports will be less likely to settle ^nd 
become uneven. Branch rail-roads of small business, may 
have their locomotive engines, when those working by steam 
would be too expensive. The horses of the farmers of a 
district may be used, when not wanted on the farm, to con- 
vey their produce to market on a rail-road, having no tow- 
ing paths: so that a train of wagons may be kept in each 
vicinity and used by the farmers in turn. 

If friction should be reduced to lib. in 600, the effect of* 
a horse would be more than double, in this way, on a cheap 
rail-road, to what it would be if he walked the whole dis- 
tance. 

It is probable that ox power might also be used to advan- 
tage, as it is supposed to be much cheaper than that of 
horses. The reason of its not having been more used, is 
the impracticability of obtaining speed from oxen. But by 
means of engines of this kind, while the oxen move at the 
sluggish pace natural to them, the passengers drawn by 
them, will move with a velocity extremely unlike the mo- 
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tion of Don Quixotte in his supposed enchantment when 
drawn by oxen. 

By regulating the size of the drum or* wheels over which 
the chains move^ in proportion to that of the carriage 
wheels^ any desirable degree of speed may be attained. 



• CHAP. V. 
Op SxATioNitRY Power, 

Where there are unavoidable hills or mountains too steep 
for locomotive engines to ascend^ and tunnels or deep cuts 
would be too expensive, two kinds of stationary power are 
used : the one, self-acting planes : the other stationary steam 
engines. 

Self-acting ptanes are those where the wagons which 
descend a hill or mountain, by their gravity draw up other 
ascending wagons. Consequently they are only adapted to 
places where the greater portion of tonnage passes in the 
direction of the descent. 

As the overcoming of acclivities by steam or horse power 
is very expensive, the adoption of self-acting planes, where 
practicable, will generally be found expedient 

The objection made to them is, that they occasion delays 
and embarrassment, from the necessity that carriages going 
in both directions, should meet at the self-acting plane at 
the same thne. 

I wo^ld propose to obviate this jdifficulty, by having a 
number of spare wagons loaded with stone, kept constantly 
on the ground to act as a balancing weight, being sent down 
the plane when wagons are to be drawn up, and being 
drawn up when business wagons are passing down. The 
requisite number only, may be used in each (iase; and when 
trains of business wagons meet, none of the spare ones need 
be used, unless for the purpose of giving the proper pro- 
portions to the weight of the respective trains. 
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The only objection to this course^ is the increased friction 
from the ropes running up and down the plane a greater 
number of times than it none but the business carriages 
were used : but this objection will be of no moment where 
the preponderance of goods in one dirfecJtion is very consi- 
derable^ so that the descending trains will be more than 
sufficient to raise the ascending ones. 

On the eastern side of the Alleghany mountain^ on the 
Pennsylvania canal^ route^ an ascent of about 1200 feet is 
proposed to be overcome by inclined planes. In this place^ 
owing to the trans^iission of agricultural produce from the 
Ohio^ salt from the Eiskiminetas^ and bituminous coal and 
timber from the western side and top of the mountain, it 
is probable that the descending tonnage will be. four times 
as great as the ascending. Then as descending carriages^ 
on planes properly constructed, will . raise about three- 
fourths of their own weight, there can be no difficulty on 
the Alleghany, if a proper number of spare wagons are 
provided to accommodate the trade at all times. 

The descent may, also, if necessary, be aided by the 
use of water y as proposed by Moncure, Robinson, Esq. 
a sHilful engineer. The plan is to send down carriages 
loaded with water, and have the water discharged at the 
bottom of the hill, so that the carriage only must be drawn 
up. This, of course, is only applicable where water can 
be had : but a great quantity is not necessary, as we may 
haye its power in a descent of hundreds of feet, instead of 
the few feet which it falls in its application to mills. A 
very small stream will produce a great effect, and in most 
cases will be found sufficient, (if any aid is needed,), in the 
direction of greatest transportation. A range of mountains 
like the Alleghany, can generally be crossed at points low 
enough to afford the use of considerable streams, which.rise 
on higher parts of the ridge. 

The use of loaded wagons on the Alleghany mountain, in 
the manner above mentioned, would probably saVe 815,000 
per annum, by avoiding the use of four or six stationary 
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steam engines ;* and there would be less danger of obstruc- 
tion to the trade from disorder in the machinery. 

We now proceed to describe the mode of operation on 
^elf-acting planes. 

A pit is dug at the summit of the hill^ immediately under 
the place where the rails are to be laid. This pit is walled 
with stone work similar to the walling of a cellar. Within 
this wall a wooden frame is placed^ provided with a wheel^ 
inclined a little from the horizontal ^sition^ which may be 

i of cast iroii. Around this wheel a rope runs^ to one end of 

^ which the ascending stnd to the other the descending car- 

riages .are attached. 

) Plate 2,y fig. If exhibits a top view of this machinery^ un- 

covered ; it being understood^ that in^ practice the whed is 
covered over with boards^ on the top of which, the rails are 

\ Iaid> so that'the wagons^ when at the summit^ pass immedi- 

f ately over the wheel. 

> WW is the wheel j DE the rope ; wm are rollers or 

sheeves^ made hollow, of cast iron, over which the rope runs 
to prevent the wearing and friction, which would occur if 
it ran on the ground. As the carriages will always pass 
each other at the same place, about half way down the 
plane, the railway need not be double all the distance. There 
are usually three rails near the top of the plane as shown in 
the plate, which diverge into four at the middle, and con- 
verge into two from thence to the bottom. 

A plane 3906 feet long and 130 feet 4 inches high, on the 
Killingworth Rail-Road, has a wheel weighing 454 lbs:; its 
disimeter is 6 feet. The circumference of the rope is 5 in- 
ches, and- its^ weight 4807 lbs. The sheeves or rollers on 
which the rope rests, are 288 in number^ and their weight 
8896 lbs. 

The above named rope is of sufficient strength to be used 
with carriages weighing with their loads 11 or 12 tons, at- 
tached to one end of the rope, aiid a proportionate load to 
the other. 
The friction of the ropes has been ascertained by numer- 

• Mr. Robinson, the Engineer employed on theroute, has propos- 
ed the use of self-acting planes. 
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0^8 experiments of Mr. Wood^ to as^oui^t to nearly one- 
third of the wdght of the whole carriages and apparatus 
moved. This is when there jare no sheeves or roHers to sup- 
port the rope. But by the use pf the shee«res the fiction 
may be reduced in the proportion of the. diameter of* the 
sheeves tp that of their axles. In tliis way the actual fric^ 
tion may be reduced^ if necessary^ as low as -^^ of the whole 
weight. 

In this ease^ on a plane desceilding 1 foot in 25^ or 211^ 
feet to the mile^ the descending tonnage would draw more 
than two-'thil*ds itr weight up the plane^ after albwance for 
friction. ' ^ 

Consequently^ in many instances^ where ther descent is io 
the direction of gi^eatest transportation^ the wse of self-act- 
ing planes will answer every purpose j for if the proportion 
c^ ascending tonnage should at any time be too large^ hone 
power might be used in aid of gravity, or steam poww if 
the transportation be by locomotive Engines ^ and the tra- 
velling horses or engin&s would furnish this power. 

The average cost of the machinery for self-acting planes 
of about 200 feet lift, is estimated at frotn 3000 to 4000 dol- 
lars per mile; and the average elxpense of attendance, at 
ftlOOO per year, by Moncure Robinson, Esq. 

Of Stationary Steam Engines^ 
The use of Stationary Engines on inclined planes will be 
readily understood. There are various modes of organizing 
the machinery. The most simple and advantageous is that 
proposed by Mr. Tredgold. 

The stationary engine may be fixed at the top of the plane, 
and geared to an inclined wheel, like that of the self-acting 
plane — P late 2, fig/ 1. A similar wheel being placed at 
the foot of the plane, an endless chain should pass from the 
top to the bottom, and around both of the wheels, suitable 
projections being made upon the wheals for the chain to run 
upon, as well as sheeves along the plane to support the chain 
and diminish friction.^ 

• Tli€ usual method is by rppes wradmg'up on a drum attached 
to the engine. 

13 
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The plane beiag so organised^ ft train of carriages may 
pass down one side> while another. passes upward^ and the 
gravity of the former will aid the power of the engine^ and 
accelerate the motion of the latter. 

In many places the descending tonnage will be almost 
sufBcient to^raise the ascending^ so that an engine of mode- 
rate capacity will be sufficient for the purpose, espeoially 
as the horses or locomotive engines, which draw the wagons, 
amy assist with their power. A slight deduction from, the 
toll may be made upon descending trains, in case they will 
wait for an ascending train, or. a number of spare wagons 
loaded with stone may be used to be drawn up when a train 
is desclending, and to descend, and aid the power applied, 
when a train of carriages is ascending. 

As the business for a stationary engine is necessarily 
irregular, it will be important so to organise the machine, 
that steam and fuel will not be wasted when there are no 
carriages passing, a^d so that the steam can be quickly got 
up when cwriages arrive. This may be easily done by the 
use of an artificial blast for the engine. The water can be 
heated in the morning to the boiling point, and kept so 
through the day, the bellows being blown only when steam 
is wanted. When they are not blown the fire wiU be only 
sufficient to keep the permanent heat, and a small supply of 
steam in the chamber. 

The expense of stationary engines and apparatus, on the 
west side of the Alleghany, are estimated by Mr. Moncure 
Robinson, as follows : — 

Engine, (of 70 horse pgwcfr), 87,500 00 

Drum, Brake, and Gearing, , 950 00 

1830 feet 3 inch hempen cable, weight 5856 lbs. 

at 14 cents per lb., 819 84 

80 friction rollers, weight 30 lbs. each, deliver- 
ed and placed at Sl,35, 108 00 
160 wooden bents for supports, at 25 cents, 40 00 

Total, ^ 89,417 84 

The length of cable and number of rollers will vary with 
the length of the plane. 
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The ^nnual expense of such an engine is estimated at 
2200 dollars^ one half being for attendance^ and the other 
half for fuel. 

Comparative •Sdvatttages of Locomotive and Stationary 

Engines. 

Some have proposed to adopt stationary engines on the 
whole route of a railway, to move the carriages by a series 
of endless chains, working round two wheels at the distance 
of half a mile or a mile asunder.* 

The objections to this plan are various. In the first place, 
it would be inconvenient to arrange the crossings of other 
roads, as the endless chains would stop up the crossing road. 
It would be difiicult to loosen, and again make fast the car- 
riages at every new engine and chain, keeping up at the 
same time a velocity equal to that generally desirable for 
travellers. The stationary engines, including the fixtures 
and biiildiiigs, would be as expensive in proportion to theii: 
power as the locomotives ; and the heavy expense of the 
chains, and rollers or sheeves to supportthem, in the former 
case, would be so much extra cost. 

There are very few routes where the business would be 
sufBcient to keep the requisite number of stationary engines 
employed. And if it were sufficient, still thfe business being 
irregular, they would Have too much woric at one time, and 
not enough at another. If a single engine should be out of 
order, it would interrupt the business of the whole line ; or 
if, to avoid this, there were two engines at every station, an 
immense expense would be thus incurred. And the lia- 
bility of interruption from the breaking of a chain would 
still remain. 

Such plans, therefore, will not,*^ in all probability, be 
adopted. 

Stationary engines for the whole lin6 being rejected, it 
will still be a question how far they should be adopted on 
parts of the line. ' 

Suppose the inclination of the road generally not to cx- 

• Tredgold, p. 89. 
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eeed 30 feet to the mile^ but at one place k is necessary to 
have ao ascent for 1\ miles at the rate of 60 or 70 feet to 
the mile^ which the locomotive engines cannot overcome 
^ with the loads it is intended they shaU carry. . In such case 
stationary engines may be used> or a spare locomotive en- 
^e may be kept constantly on the ground to ply up and 
down the plane^ and assist the <yther engines in raking their 
loads. The latter course^ I thinks would be prefbrable^ 
where the plane was longhand the declivity not very great. 
If the locomotive en^ne used' in such case^ should be out 
of order, the engines drawing trains of wagons might ascend 
the hill with half their train and return for the other half. 

A Plan 

For reducing a Hilly Road to nearly the same adoantaget 

as a Level one, without the use of Stationary Engines.f 

Wherever the acclivity of the road is too great for the 
locomotive engines or horses to overcome^ witJi the loads 
which it is intended they should carry> let the inclined plane 
be provided with horizontal wheels and an endless chain 
resting upon rollers in the manner already mentioned. Have 
a sufficient number of spare wagons^ (which may be made 
at 860 each} to be kept constantly loaded with stone. To 
render the friction of these wagons as small as practicable^ 
let the wheels be 5 or 6 feet in diameter — the height of the 
axle constituting no objection^ where the carriages are never 
to be unloaded^ 

The engines or horses descending with trains of wagons^ 
are to draw up^ by the endless chain^ as many spare wagons 
as equal the weight of the descending train ; and the as- 
cending trains are to hs^e the aid of the gravity of as many 
spare wagons coming down the plane as equal their own 
weight. If^ however^ an ascending and descending train 
meet at the same time^ none of the spare wagons need be 
used^ unless it be to equalize the weights. 

Ifi then^ the ascending and descending tonnage be equals 

• The author suggested this plan to his friends several months 
ago. Since that lime, a number of the London Mechanic's Magar 
zine, containing a similar plan, has b^en received. 
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all the labour for the h6rses or locomotive Mgine$ to peiv 
fomi will be that of OTercoming the frietion of the carriages 
and chain. When two trains going in opposite directions 
meet at the inclined plane^ all the power the locomotive en- 
gines must exert oyer that upoD^a levd> will be to overcome 
the friction of. the chain alone. This^ with proper rollers^ 
18 estimated by TredgoM at tir^th part the power of the pro- 
per sized engines on a plane of half a mile in kngth> or ^V^ 
part on a plane of a mile; in length. But the chain will b^ 
heavier on an ascent than en a level* Suppose its friction 
to be ^th part of the power of the locomotive engine. Then 
when one' engine is ascending and ai|pther descending^ each 
wiH have to exert ^^ part of its power on the chain. This ' 
is equal to an accent of ^ of a foot to the mile. The engines 
would therefore travel with the same speed as up an ascent 
of 7 of a foot to the mile' J and this speed would be only^Vd 
part less than on a level. 

But if ascending and descending trains did not meet at the 
plane^ then the spare wagons must be used^ tlm friction of 
which^ Guided to that ot the chain^ wrmld be about equal to 
that of the carriages attached to the engine : the engine 
would therefore have to expend half its power on the chain 
and spare carriages^ and its speed would be the same as 
up an ascent of 18 feet to the mile. To avoid this incon- 
venience^ the proprietors of locomotive engines would ar- 
range their business as for as conveniently practicable so as 
to meet at the inclined planes. 

The above observations suppose an equality of transport- 
ation in both directions. When tiie amount is unequal^ it 
will generally favour the facility of operatioBS^ becauM 
the greatest ddteent is towards the sea^ and the greatest 
amount of tonnage is usually in the same direction.^ 

But tslke the case of a hill to be passed over with a steep 
descent on both sides*. The operation can easily be con- 
ducted in this case^ by having the endless chains on each 
side of the hill connected by gearing at the top, (capable of 
being thrown out of gear when necessary) so that the wagons 
descending in the direction of greatest transportation; may 
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be made to draw^ or assist in drawing wagons up the other 
side of the hill. In this way^ every train may have a load 
to balance it^ and the only power the engine will exert will 
be to overcome the friction of the chains and carriages. If 
the declivity be the greatest on that side of the hill on 
which the most goods descend^ the engines will receive ac- 
tual aid in overcoming friction from the gravity of ttie 
wagons. The -average power excHed by the locomotive 
engines on such planes^ would probably not exceed that or- 
dinarily necessary to ascend at the rate of 10 or 15 feet to 
the mile. The plan^ may be a mile long on each side of 
the hill^ and the ascen^ and descent eaeh 200 or 300 feet^ if 
the hill be sufficiently steep to admit it The loaded wagons 
to balance the travelling trains^ might be kept almost con- 
stantly hitched to the. chain^ and resting at the top of the 
hill. Each engine in ascending the hill would lower these 
wagons^ and in descending the othen side would raise them 
up, and leave them ready to assist the next engine. A con- 
siderable variation between the weight of the passing train 
and that of the spare wagons might occur without a* necessi- 
ty of altering the latter, for the power of the locomotive en- 
gine would overcome the inequality. 

There is yet another case which will sometimes, though 
rarely, occur. It is that of an ascent in the direction of most 
transportation, too steep to be overcome by the simple lo- 
comotive engine with its proper load, and unaccompanied by 
a descent in the other direction : in other words, a hill with 
a level plane at its sunlimit. 

Even in this case, if the ascents be not very steep, there 
will be no necessity for stationary power. If the carriages 
weigh one- third as much as the loads, and* there be three ^ 
times as much tonnage in one direction as the other, then 
ehgines which can draw their loads up an ascent of 3Q feet 
to the mile, can overcome one of 72 feet per mile, by the 
aid of the endless chain and the loads which the descending 
engines can raise upon the plane. Ji) this calculation, the 
friction is estimated 1 in 300, and the descending engines 
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are supposed to exert their full power on spare wagons which 
ascend at the same time that the engines descend. 

If th^ plane be steeper than above mentioned^ a horse may 
be used inlaid of the other power, and the necessity of a 
stationary engine avoided^ if the business of the road be not 
extensive eqough to afford one. 

The adoption of the above plan, would, in many cases, 
avoid expensive deep cuttings, or the making of the i^ad 
circuitous. It is the least expensive mode that can be de- 
vised to cross a hill which cannot be gone round without in- 
convenience and cost* 

Plate 2, fig. 13, represents the manner in which an end- 
less chain or rope might be placed to assist locomotive en- 
gines in going over a hill ; aa are the wheels at the top of 
the hill, and bb the wheels round which the rope or chain 
winds at the foot on each side. 

A train of loaded wagons might be attached, so that as 
each engine went up the hill, the train would descend ; and 
as the engine descended, the train would ascend, and be left 
at the summit. The wagons attached to the chain having 
a medium weight, between that of loaded jengines, and that 
of those with empty wagons, the assistance would be suffi- 
cient for the former, and the resistance not too great for the 
latter. Thus no attendant would be required, and the 
greatest possible economy would be attained. 

The cost of such self-acting planes would be proportioned 
to their length. The-following estimate is for one half a mile 
long:— 
5280 feet of ^ inch chain cable, weight 5 lb. 

per foot, at 13 cents, S3,437 20 

250 friction rollers, at 1,35, 337 50 

500 bents to support rollers, at 25 cents, ' 125 00 

Two* horizontal wheels, appendage^ and brake, 850 00 

Total, 84,749 70 

• Four wheels will be required if the machinery extends over a 
hill. 
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CHAP. VL 

^ Of Tunnels. • 

Instances will probably occur in which tunnels will be 
advantageous on rail-roads as well as on canals. Two tun- 
nels are laade on the Liverpool and Manchester Railway ; 
and one is proposed by Mr, Robinson^ on the Allegheny 
portage^ in Pennsylvania. 

Tunnels for railways may be made at far Jess expense than 
those for canals. The latter must be level, and it iscoosequeutr 
ly inconvenient to remove the earth, and very expensive to 
keep them clear of water while the work is going on. But 
a railway tunnel may have a gradual ascent from both ex- 
tremities to the middle, so that the water will run out, and 
the earth may be cheaply drawn out on rails temporarily 
laid. . 

A tunnel for a single track will be sufficient, provided 
there be bells or lights to communicate information when a 
train of carriages is passing through it. Nine feet in width 
and nine in height, will therefore afford sufficient dimen- 
Jjions.* This will give 9 cubic yards of excavation for every 
yard in length. Solid rock may be excavated and removed 
a short distance, at S2 per cubic yard^^f We will, how- 
ever, put it at S2,50. In no case can a rail-road tuimel, if 
properly made, be more expensive than through solid rock. 
The expense, therefore, for a mile, or 1760 yards in lengthy 
would be »39,600. 

Wherever a tunnel of half a mile, costing 819,800, will 
avoid a stationary engine, or will shorten the road 1| mile, 
it may be expedient to prefer the tunnel. 

I am, however, disposed ta believe, that the use of plsunes, 
on the principle mentioned under the last he^, will obviate 
in many places, the inducements to tunnelling. 

There is one advantage of tunnels that requires m^ition- 

* At Eftst Kenton ColUery, ne^r Newcastle^EDg., there is a tunnel 
6 feet wide, 6 feet high, and 3 miles long, with a railway through it. 

t Maj. D. B. Douglass. — Contracts for small tunnels near Potts- 
yille have been made at a lower rate than S^ pe^ cubic yard. 
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ing. They frequently strike veins of coal, iron, or other 
valuable minerals, which pay for their making and increase 
the business of the road* Where a mountain abounding in 
veins of coal can be tunnelled and accommodate the road, it 
will generally be advisable to do it. It is not improbable 
that it will be found expedient to tunnel a narrow place in 
the Broad mountain in Schuylkill County, Pennsylvania, to 
open veins of coal, and afford a passage for a railway from 
the Schuylkill to the Susquehanna. 

A tunnel of small dimensions can be made much cheaper 
in proportion, than a larger one, as tTie large one must have 
a proportionately higher arch, and will be more difficult to 
preserve from falling in. It would therefore be very inex- 
pedient, in most cases, to make a tunnel sufficiently broad 
for a double road. 



CHAP. VIL 

Comparative Jldvantages of Canals and Rail-Roads. 

Most canals have been made of indiscreet proportions in 
width, depth, and lockage. A long narrow deeply-laden 
boat requires much less water and time to pass it through 
locks, in proportion to its burthen, than a shallow and 
broad one, the locks being in each case proportioned to the 
boat. 

The narrow boat will be drawn with much greater ease, 
and will admit of more rapid motion. To test its advan- 
tages, I tried an experiment which any one can easily re- 
peat. I made two small model boats of solid wood, both 
being taken from the same piece. One boat was short and 
broad : the other was of double the length, but narrow and 
deep. These boats were attached to the ends of a line, 
which was doubled over a pulley, and the boats placed in 
a pool of water, so that when the pulley was moved along 
by its axis, the boats would follow it, but that which passed 
with greatest ease through the water would travel the 
fastest. The invariable result was, that the long and nar- 

14 



Digitized by VjOOQ IC 



98 Comparative AdvaniageM of 

row boat^ which was the largest and heaviest of the twO| 
gained rapidly of the other. 

The proper construction of canals where the amount of 
transportation is large^ is this: width 40 feet: depth of 
water 5 feet: locks 100 feet long by 11 feet wide: boats to 
carry 70 tons, with two horses. Where the business is 
small: width 28 or 30 feet: depth 4 or 4 J feet: locks 80 
feet long by 8 feet wide : boats to carry 30 tons, with ] 
horse. 

In this chapter I will suppose canals to be of the best 
construction. 

In estimating the comparative advantages of rail-roads 
and canals of various kinds, we can only arrive at a general 
approximation to correctness, as peculiar circumstances will 
vary the results in each case. 

The passengers on a rail-road, at a toll of 1 cent each 
per mile, will generally more than pay the repairs, while 
on canals they would probably fSdl short of paying. We 
will, however, suppose them to pay in both casei^. 

The expense of attendance on canals, will exceed that on 
rail-ways, unless there be stationary engines on the latter. 
We will, however, suppose them equal. 

And as in most cases of large business, the transporta- 
tion is chiefly in one direction, we will base our calcula* 
tions upon the supposition of its being all in one direction, 
the carriages or boats returning empty. 

Expense op Tbanspoktation and Tolls. 

1. Canal 40 /fe«/ Wide: 5 Feet Deep: Boats 70 Tone. 

Tratufiortation. 

Boat J$500.-— Interest and repairs per day, gO 75 

2 horses per day, 50 cents each, 1 00 

2 men at Rl, and 1 boy at 50 cents, 3 50 

B4 35 
70 tons carried 1 1 miles and boat returned empty in one day, is 
1 ton 770 miles for 84 25 cents, or 55-100 of a cent per mile for 
one ton, 

TolU. 
Cost 218,000 per mile, on which 9 per cent, for intei^est, attend- 
ance, and profit, is 21530 per annum on each mile. 
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2. Canal 28 Feet Wide: 4 J Deep: Boats 30 tons. 

Transfiortation, 
Boat 8300. — Interest and repairs per day, go 40 

2 men at gl: 1 horse at 50 cents: I boy at 50 cents, 3 00 

SS3 40 
30 tons carried 12 miles, and boat returned empty in 1 day, equal 
to one ton 360 miles for g3 40 cents, is per mile 94-100 of a cent 
nearly. 

Toll. 
Cost of canal per mile 812,000— on which 9 per cent, is 81080 
per year. 

3. Rail-road: Iron and Stone: grade 27 feet per 
mile: friction lib. in 300. 

Tranafiortation. 

Engine wt. 4 tons. Cost $3600.— Interest and re- 
pairs 20 per cent, per annum, is per day fpr 300 
days, 83 40 

Wagons for 50 tons, cost 82500.— Intei^st and re- 
newals 20 per cent, is per day. 

Engineer, assistant, and boy per day, 

2500lbs. coal at 83 per ton. 

Oil and tallow per day, 

811 65 
50 tons carried 50 miles, and wagons returned empty in one day: 
equal to 2500 tons 1 mile for 811' 65: say 47-100 cents per ton 1 
mile. 

* Toll. 
Cost of railroad 8 1 5,000 per mile, on which interest and attend- 
ance at 9 per cent, is 81350 per annum. 

4. Rail-road of Wood and Iron : greatest gradtuition 
GO feet to a mile one way^ and 80 the other: friction lib. 
in 300. 

Tranaftortation, 

Engine wt. 3 tons : cost 82800.— Interest and re- 
pairs 20 per cent, is per day, for 300 days, 82 00 

Wagons for 30 tons cost 81500.— Interest and re- 
pairs at 20 per cent, is per day. 

Engineer, assistant, and boy per day, 

I8^5lbs. coal at 83 per ton, 

Oil and tallow per day, 

89 51 
30 tons carried 50 miles in 1 day, and wagons returned empty: 
equal to 1500 tons, 1 mile for 89 5 1, or 64-100 of a cent for 1 ton 1 
mile., 

'Toll.^ 
Cost of rail-road, say $7000 per mile, for double tracks, on which 
interest and attendance at 9 per cent, per annum, is 8630. 
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5. Rail-boad for Horses. Iron and Wood. Grada- 
ation from to 54 feet per mile: average 18 feet: friction 
lib. in 300. Horses power 200lbs« for 16 miles in a day. 

Transfiortation.^ 
4 horses at 45 cents per day, 
1 man 90, and 1 boy 45, 

Wagons for 36 tons. Cost glSOO: interest and re- 
pairs at 1 5 per cent, for 300 days, is per day, 
Tallow for wagons per day, 
Use of extra wagons for horses to ride, 

04 44 
36 tons carried 15 miles and the wagons returned, th^ horses 
travelling 16 and riding 14 miles: equal to 540 tons, 1 mile for 
24 44 cents, or 83-100 of a cent for 1 ton 1 mile. 

Toll. 
Double rail-road. Cost per mile S4000.— Interest, attendance, 
and profit, 9 per cent, is £360 per year. 

TABLE, 

Shewing the amount of Tolls per tony necessary to pay a 
profit J on Canals and Rail- Roads of various hinds. 






Tons per year. 

At 600,000 tons 
At 300,000 tons 
At 150,000 tons 
At 50,000 tons 
At 10,000 tons 
At 1,000 tons 



ts fr. 



0.25 
0.50 
1.00 
3.00 
1 
t50.00 



;ts. fr. 



0.18 
0.36 
0.72 
2.16 
10.80 
108.00 



"S9 6 



-do 
o 
o 



^' 



cts. fr 



cts. fr. 



0.70 
1.40 
2.80 
8.40 
42.00 
420.00 






0.23 

0X6 

OS 2 

%76 

13.80 

138.00 



\^ 



cts. fr. 



O.U 

o.sr 

0.44 

1.32 

6.60 

66.00 






O rf S -r-_ 



4j -So 



cts. fr. 



0.06 
0.11 
0.22 
0.66 
3.30 
33.00 



cts. fr. 



cts. fr. 



0.(6 
0.12 
0.24 
0.72 
3.60 
36.00 



0.03 

0.06 
0.12 

0..S6 
1.80 

+V).g0 



The calculations of expense of transportation, page 99, 
are based on a price of £3 per ton for coal, and on the 

• I have estimated the price of men's and horses' labour one- 
tenth lower per day than on a canal, because they can work the whole 
year on a rail-road, while on a canal they work only that portion 
when labour is most wanted for other purposes. The wear of wa- 
gons is estimated less than when used with steam engines, because 
the motion is less rapid. 

t Seven per cent, only is allowed on this rail-way for interest and 
attendance, the passengers being supposed to pay repairs and pro- 
fits. This is less expensive than the Liverpool and Manchester rail- 
way. 

i In this case, the rail-way is supposed to be entirely of wood, at 
1000 dollars per mile. 
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supposition that the engines will travel 50 miles, with the 
loads there given, and return without loads, in one day : 
lest we should be supposed to have made the reckoning too 
favourable, we will subjoin a table based on a price of Z4 
per ton for coal ; and on the supposition that the engines 
will travel but 40 miles and return in one day, with the 
given loads, or travel a proportionably greater distance with 
a less load. ' v 

An addition will be made for windings of the routes, so 
as to reduce the distance to a right line. The addition is 
30 per cent on canals : 12 on rail-roads for engines : and 20 
on rail-roads for horses. 

TABLE, 

Shewing Total Cost of Transfiortation and Toll per mile in a right 
line, exclusive of Loadings Unloading^ and Profit : The most ad- 
vantageous Canals and Rail-roads being taken in each case. Steam 
Engines travelling SO miles fier day^ 40 nvith loads and AO without^ 
with coal at %^ fier ton : Horses drawing 16 miles per day^ exert' 
ing a power of 200 lbs.: Friction Mb, in 300. 

On Canal. On Rail-roads. On Turnpikes. 

Tons per year. cts. & fr. cts. fr. cts. fr. 

At 600,000 tons: 1.04' 0.98 

At 300,000 tons. 1.37 1.20 

At 100,000 tons. 2.01 1.29 

At 50,000 tons. 3.09 1.67 18. 

At 10,000 tons. 10.58 ' 2.44 . 20. 

At 5,000 tons. 19.94 3.88 22. 

At 1,000 tons. 94.52 11.00 85. 

J have endeavoured to make the calculations as favoura- 
ble as possible for canals. I have estimated the expense of 
broad canals 5 feet deep, at an average of 18,000 dollars 
per mile. But the New York canals, only 4 feet deep, 
cost upwards of 20,000 dollars.; and the Pennsylvania ca- 
nals of 428 miles, of which but 60 miles are 5 feet deep, 
cost, on the average, 23,030 dollars per mile. (Canal 
Commissioners' Report for December 1829.) 
. I have estimated narrow canals at 812,000, whfch is be- 
low their usual cost. 

I have allowed 70 tons to a two horse boat, on a canal, 
and 2 men and a boy to be sufficient to navigate. The load 
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is larger^ and the hands fewer, than is usual in prac- 
tice. 

I have supposed the toll on passengers to pay the repairs 
of both rail-roads and canals; but canals can hardly have 
passengers after the introduction of rail-roads^ while most 
rail-roads will have more than enough to pay their repairs. 

The repairs on a rail-road of iron and stone costing 
815^000 per mile, will probably be less than on a canal, as 
the iron is found not to oxidize when in use. The iro^ will 
last more than 30 years, and may then be renewed for 9000 
dollars,* 3000 of which will be paid by the sale of the old 
iron. This will leave 8200 a year for renewals, to which 
we may add SlOO for other repairs— -making 8300 per mile 
edch year. 100 passengers per day for 300 days, at 1 cent 
toll per mile, would pay this. But a route calling for a rail- 
road of this kind will have, when travelling is reduced to 
1| cent per mile, more than two hundred passengers per 

day.t 

On a double rail-road of wood andiron for steam en^nes, 
the iron costing about 2200 dollars per mile, 60 dollars per 
year will be sufficient for renewals: and the wood costing 
about 800 dollars per mile, 100 dollars per year will be 
sufficient: total 160 dollars yearly per mile, which would 
be paid by 54 passengers per day at 1 cent per mile. 

On a double rail-way for horses, the iron costing less 
than 1000 dollars per mile, — 35 dollars per year will be 
sufficient for renewals: and the wood costing under 600 
dollars per mile, 75 dollars per year will b^ enough : total 
110 dollars, which would be paid by 37 passengers per 
day: or 19 passengers per day if it be a single rail- way. 
Thus we see the calculation* that passengers will pay repairs, 
is moderate. 

I have estimated canals to average 30 per cent, longer 

* Iron stroi^g enough for engines of 4 tons may be bought for 
B7000 per mile. It wUl probably last 50 years on the average. 

t The number of passengers that arrived at Louisville, Ky. in one 
week this year, was 1780. 
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than a direct route : but the canal route by which the Le- 
high coal comes to Philadelphia^ is 133 miles from the 
mine^ while the direct distance is but 74 miles^ making a 
difference of 80 per cent. The route from Philadelphia to 
Pittsburg is, by canal, 440 miles, while on a straight road 
it would be but 300: making a difference of 46 per cent. 
jOn rail-roads for steam engines, 12 per cent is allowed for 
windings : but those on the Columbia and Philadelphia rail- 
road, amount to but 10 per cent. On rail-roads for horses 
20 per cent is allowed for windings^ which is probably far 
too much. ^ 

The interest, repairs, and renewals of steam engines, 
are estimated at 20 per cent, per annum. But a high pres- 
sure engine at the United States^ Mint at Philadelphia, has 
been in constant operation for 16 years, and is now appa- 
rently as good as at first. The repairs have not cost more 
than 1 or 1| per cent, on its value. The interest, repairs, ^ 

and renewals of Wagons are put at 20 per cent, per annum: 
but Mr. Wood (Wood on Rail-roads, p. 82), mentions wa- 
gon wheels which had been in use for 8 years, and were 
still in good order^ and likely for some time to remain so. 

The engines are supposed to travel but 80 miles a day, 
one half the distance without loads. From the experience 
of the English, there is reason to believe this is 20 per 
cent, too unfavourable an estimate. The prices of locomo- 
tive engines are probably put too high. They were sold in V 
England five years since, at c3&600 for an engine weighing 
6| tons, since which the price is reduced. ^ i 

Coal is put at 84 per ton : but the average price for the \ 

supply of engines in Pennsylvania, will not exceed 82, 
when communications are perfected : and for the greater 
portion of transportation, the engines will be supplied at 
the mines at about 81 per ton. The coal allowed in the 
estimate is 1 lb. per ton a mile on a rail-way graduated at 
27 feet: and l|lbs. on one graduated at 60 feet This 
considerably exceeds the rate already effected by Braith- 
waite and Erricksson, with wagons not of the best con- 
struction. 
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The friction of wagoia is pat at 1 lb. in 300, which a 
probably at least double what will be practically attained. 

The horses are supposed to ride 14 miles to travelling 16 
miles : but they can do more, as when wagons are improv- 
ed, the descent of each acclivity will carry them over the 
succeeding level. 

As these estimates are apparently so moderate, it may be 
asked, why does transportation at Mauch Chunk cost 3 or 4 
cents per mile, as stated in some publications. The answer 
is plain. The rail-way is unfavourable, from the descent 
being near 100 feet to the mile, and continued for more 
than 8 miles : making the hauling of empty wagons more 
expensive than that of loaded ones on other roads. The 
wagons are too heavy, weighing 1600 lbs., to carry loads of 
IJ tons. The wheels are too low, being little over two 
feet, which occasions violent shocks, as well as great heat, 
friction, and wear on the axles. The waste of oil (S2000 
worth to convey 87,000 tons), is enormous : if the wheels 
were of proper diameter, and tallow, or tallow and black 
lead were used, the expense would be reduced probably 
nine-tenths* 

We have heretofore spoken merely of expense ; but there 
are various other considerations connected with the subject. 
Hail-roads may be used at least 11 months in the year: ca- 
nals in a northern climate, not more than 8 months. The 
hands^ire employed on canals when their services are want- 
ed elsewhere, and they are unemployed when there is no 
other work to be had. The business of canals must be li- 
mited, from the inconvenience of conveying goods to the 
canal and unloading and reloading to be carried a few miles 
upon it. But as branch rail- roads can be constructed at 
any price down to 600 dollars per mile, branches will be 
run to every village contiguous to the line, and goods will 
come in on those lines and proceed without obstruction on 
the main line, increasing the convenience and profit of the 
improvement. 

Carriages for burthen may tt*avel on rail-roads fast enough 
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for tbe conveyance of passengers also, and the receipts for 
passages will enable a reduction of the charges for freight : 
but on canals separate boats must be employed for passen- 
gers, and the speed still slow, while the power exerted by 
the horses will much exceed that on a rail-road, owing to 
the great increase of resistance from the water whenever 
speed is accelerated. For this reason, passengers can be 
carried on a rail-road cheaper than in steam-boats. 

The celerity of transportation is a great object in many 
cases. This can be effected on rail-roads, but not on canals. 
Certainty is another important object. Canals are very lia- 
ble to interruption from breaches in the banks, or giving 
way in aqueducts, &c. News was received in one day this 
season, of the stoppage of three lines in Pennsylvania, via. 
the Schuylkill, the Susquehanna, and the Alleghany. But 
rail-ways will rarely be interrupted, as in case of any acci- 
dent to one track, the carriages can turn on to the other 
track and pass the imperfect place. 

A further advantage of rail-roads is in the accommoda- 
tion they will afford to farmers for the transportation of 
lime, plaster of paris, or other manure fbr fertilizing their 
land. These articles by branch roads can be advantageous- 
ly conveyed to every neighbourhood. 

They will accommodate large cities and the surrounding 
country, by conveying fresh milk, butter, vegetables and 
fruits, from a great distance in a few hours. 

* They will accommodate towns and villages on the sites 
generally chosen, namely, those which are Mgh and heal- 
thy, and will furnish inducements to establish towns in such 
places in preference to those which are low and unwhole- 
some. 

It requires a number of years to complete a canal and 
get it in order, the owners losing the interest of ^heir capi- 
tal during the time: but a rail-way of considerable length 
may be completed in a single year. 

From all these considerations, there can be little doubt, 
that although capals may be found preferable in some cases, 
yet in four out of five a rail-way will be preferred. 

15 
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The experiment of pail-ways has been pretty fairly test- 
ed by several years experience on the Stockton and Dar- 
lington rail-way, in England. The stock has greatly risen. 
The passengers and the trade on the line have increased 
four-fold : and the impression made on the public mind is 
such, that while no one thinks of making canals, rail-ways 
would be made in many sections of the country where they 
must encounter the competition of canals already establish- 
ed, were it not that the government will not grant char% 
ters. 

We will here offer a few observations on the kind of rail- 
roads which will probably be found ultimately preferable. 
The expense of transportation will be diminished by im- 
provements in wagons. Every diminution diminishes the 
inducements to expensive roads, because the tolls on these 
become more costly than the whole expenses on cheaper 
works. 

If the powers of horses or oxen can be advantageously 
applied to a carriage, in which they ride, it will probably 
supersede the use of steam, because the former can be ap- 
plied profitably on roads requiring, by reason of their un- 
dulation, no power exerted for the greater portion of the 
distance. The loads may be light, and consequently the 
rails and their foundation cheap,* while the tendency of 
the heavy weight of the steam engine requires expensive 
rails and expensive foundations. 

If this mode of applying animal power shall not succeed, 
then light steam enginjBS, probably of a weight not exceed- 
ing two tons, will be used. The average velocity in either 
case will probably exceed ten miles an hour, so that trains 
for burthen will also carry passengers. If thie wheels arc 
of 5 feet diameter, and the axles not exceeding 1^ or two 

• A kind of sleepers well calculated to prevent the settling of the 
ends of the rails may here be mentioned. Split the trunks of trees 
in halves, and lay the flat sides down, cutting the grooves for the 
rails in the round side. The flat side, having great breadth, will 
give a large bearing surface on the earth, so that the liability to set- 
xX^ under the weight of carriages will be diminished. 
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inches^ with proper bearings and unguents, a speed of 20 
miles an hour, will injure neither wagons rior road. 

On particular routes, with very large business, it may 
possibly be found advantageous to make an expensive road 
and use engines of considerable weight. Cheap and undu- 
lating roads, and light carriages, will, however, probably 
be most prevalent and profitable. ^ [ 7 



CHAP. VIIL 

Jin Account qf CAJSTALS in the United States. 
MAINE. 

Oxford Canal, Extent 30 miles in a north-west direction to Se- 
bago pond. Dimensions and cost not ' ascertained. Nearly com- 
pleted. 

MASSACHUSETTS. 

Middlesex Canal, Length 27 miles in a northern direction from 
Boston to Chelmsford, on the Merrimack river. Dimensions 30 
feet wide: 4 feet deep: lockage 136 feet. Cost 19,000 dollars per 
mile. Unprofitable. This is the first extensive canal completed in 
the United States. It was begun in 1790, 

MASSACHUSETTS AND RHQDE ISLAND. 

Blackatone Canal, Length 45 miles from Worcester, Mass. to 
Providence, R. I., by the Blackstone river. Finished about two 
years since. Width about 30 feet: depth 4 feet: lockage 450 feet. 
Cost near 13,000 dollars per mile. Unprofitable. 

MASSACHUSETTS AND CONNECTICUT. 

ffamfiahire and Hamfiden Canaly and Farmington Canal, Extent 
about 87 miles from Northampton, Mass. to Farmington, Conn, 
and thence to New Haven. Expected to be in complete operation 
the present year. 

NEW YORK. 

Erie and Hudson Canal, Extent 362 miles from Albany to Buffa- 
lo. Width 40 feet: depth 4 feet: locks 90 feet long by 15 wide. 
Amount of lockage 679 feet. Begun in 1817. Finished in 18^5. 
Cost above 20,000 dollars per mile. Profitable. 

This canal has an aqueduct of 750 feet length over the Gennessee 
river: and three embankments 40 to 76 feet high, and in all, upwards 
of half a mile long, in the Irondequot valley. 

Chamfilain Canal, Length 63 miles from Albany to Whitehallf 
on Lake Champlain. Dimensions of canal and locks the same at 
the last. Profitable. 

Oivfego Canal, Length 38 milei from Salinato Oswego, connect- 
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lOB Canals in the United States. 

ing the Hadson and Erie Canal with Lake Ontario. The locks are 
of wood. Unprofitable. 

Cayuga and Seneca CanalS Length 20 miles, cottnecUng the Hod- 
son and Erie Canal with Cayuga and Seneca Lakes. Locks of wood. 
Completed in 1828. Unprofitable. 

The four last mentioned are the property of the state. A state 
Canal is authorized from the south end of Seneca Lake to Elmira, 
on the Tioga or Chemung river, near the Pennsylvania line, a dis* 
tance of 18 miles, in case it can be constructed for Soopoo dollars, 
with wooden locks# 

Hudson and Delaware Canal. Extent 81 miles from the Hudson, 
neaf Kingston, to the Delaware at Carpenter's point, and thence up 
the latter stream to the mouth of the Lackawaxen, where it connects 
with canal and rail-way extending to the Lackawanna Coal Mines in 
Pennsylvania. Width 32 feet: depth 4 feet: locks 76 feet long and 
9 wide. Cost near 16,000 dollars per mile. Begun in 1825. Com- 
pleted in 1828. — Whole extent of canals in New York 564 miles. 

NEW JERSEY. 

Morris Canal, Length 100 miles 64 chains* by a circuitous route 
from Easton, Pa, to Newark and Jersey City near New York. It 
has numerous locks, and several inclined planes, which it is thought 
from experiments, will work well. The canal b intended for boats 
of 25 tons, and is expected to be finished this year. 

Delaware and Earitan Canal. Incorporated in 1830. Extent 
about 30 miles from Trenton to New Brunswick. It is undetertAin- 
ed whether it shall be of sufficient capacity for sloop navigation. 

PENNSYLVANIA. 

State CanaU. 1. From Bristol to Easton, on the Delaware, 7d 
miles. Width 40 feet: depth 5 feet: locks dO feet long, 11 feet 
wide. 2, From near Columbia, on the Susquehanna, to Muncy hills 
on west branch of the same. Length 100 miles. 3. From Sunbu- 
ry up the north branch of Susquehanna to Nanticoke falls, in the coal 
region, 59 miles. 4. From the mouth of the Juniata, to Huntingdon 
90 miles. 5. From Johnstown, on the Conemaugh, to Pittsburg 104 
miles. 6. French Creek Feeder, from Meadville to Conneaut Lake 
19i miles. Total 428} miles. The dimensions, except on the De- 
laware, 40 feet wide: 4 feet deep: with locks 90 feet long and IS 
and 17 feet wide. 

About 200 miles of the above are navigable, and it is expected 
that nearly all the remainder will be completed the present year. 
Cost 23,030 dollars per mile. 

Schuylkill /Navigation. Extent 108 miles from Philadelphia to 
Port Carbon, in the 9oal region: 63 miles by canal, and 45 by dams 
and slack water. Locks 80 feet long and 17 feet wide, except th6 
fite uppermost, which are 13 feet 6 inches wide. Canal 36 feet 
wide. Begun in 1816. Navigable in 1835. Cost 21,000 dollars per 
mile, including water power from which considerable rents are re- 
ceived. Present prices of stock 61 per cent, above par. 

Union Canal, — Extent 83 miles from the Schuylkill below Read^, 
Ing, to Middletown on the Susquehanna. Width 36 feet, depth 4 
feet. Locks 75 feet long, and 8 feet 6 inches wide. Tunnel 18 feet 

• Nilei* Register, Feb. 28, 1829.-^1 have seen ths length aUted at 86 milef . 
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wide, 16 feet high, and 729 feet long, being the longest in the United 
States. Cost upwards of 820,000 per mile. Completed in 1828, 
Hot yet profitable. A navigable feeder of this canal, now nearly 
finished, extends up the Swatara to the Schuylkill Coal Mines. 

Coneatoga JVavigation, — Length 18 miles from Lancaster to the 1^ 

Susquehanna River. Completed in 1823. Route circuitous. Dams 
9 in number. Locks of wood, 100 feet long by 22 feet wide. Cost >♦ ^ 

about 84000 per mile. Not yet profitable. h 

Lehigh CartaL — Length 46| miles from Easton to Mauch Chunk. 
Width 60 feet. Depth 5 feet. Locks 85 feet long in the clear ; 22 > 

feet wide. Amount of lockage 361 feet. Commenced in 1827; 
completed in 1829. Cost upwards of 25,000 dollars per mile. 

This is probably the most perfect canal in America, if not in the 
world. 

Lackavmxen Cuno/.— Extent 35 miles up the Lackawaxen Creek 
in Wayne county, uniting with the Delaware and Hudson canal, and 
belonging to the same Company. It was in operation in 1829. 
Adapted to boats of 25 tons. 

Leifier Canal. — Extent a short distance from the Delaware river 
to the stone quarries of George G. Leiper, Esq., of Delaware county, ^ . * 

by whom the work was executed. Finished in 1829. ^. ^ 

Whole extent of canals in Pennsylvania, about 710 miles. Sur- 
Titys have been made for a canal frotn Pittsburg to Erie, by way of . ^ 

the Beaver and Shenango, length 1 80 miles ; for extension on West 
Branch of Susquehanna, from Muncy Hills to Bald Eagle creek, 46 ^ "1 

miles ; for do. on North Branch, from NaMicoke Falls to the NeW 
York line, 102 miles ; and from Huntingdon to Frankstown, on the • 

Juniata, 40 miles. These will probably be soon made, unless rail- 
roads shall be substituted in their stead. A route has been surveyed i» 
from the Lehigh, at the mouth of Wright's creek, to the Susque- ^ ' 
hanna, at the mouth of the Nescopeck. But the route is so circui-* , 
tons, and the lockage is so great, that it probably will not be made. 

DELAWARE AND MARYLAND. 

Cheaafieake and Delaware C^na/.-— Length 14 miles, from Dela-* 
ware bay, below Newcastle, to Back creek, on Chesapeake bay. 
Width 60 feet; depth 10 feet. Locks 100 feet long; 22 feet wide. 
For sloop navigation. Commenced in 1823 ; finished in 1829. Cost 
about 150,000 dollars per mile. 

There is a large and increasing trade on this canal, but owing to 
its great cost, the stock, which hat rapidly risen, is yet below par. 

The canal at one place hat a deep cut 4 mil^i long, amd 76 feet '^ 

deep at the apex, being the deepest cut on any navigable canal in th^ 
world. 

MARYLAND. 

Port DefioMit Canal. — ^Extent 10 miles from Port Deposit, up the ^ 

SHsquehanna river. Completed. 

PENNSYLVANIA, MARYLAND, AND VIRGINIA. 

Potomac^ or Chesapeake and Ohio Ctfna/.— Extent 360 miles from ^ 

Washington city to Pittsburg. Width 60 feet ; depth 4 feet^ Tun- 
nel in Somerset county. Pa., proposed to be 4 miles long. This canal 
is in progress between Washington and the Shenandoah river. 
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VIRGINIA. 
James River Mitigation, — The navigation of this river has beeiw 
improved by removing obstructions, and by occasional dams ana 
locks, for a distance understood to be about 110 miles.^ 

VIRGINIA AND NORTH CAROLINA. 
Dismal Swam/i CanaL — Length 23 miles from Norfolk, Va. to Al- 
bemarle Sound, N. C. For sloop navigation. Completed and in 
operation. 

SOUTH CAROLINA. 
Santee CanaL^^ln progress. Extent 150 miles from Charlestoni 
via Columbia, to Cambridge. 

GEORGIA. 

Ogeechee and Mtamaha Canal, — Length 66 miles from Savannah 
to the Ogeechee and Altamaha rivers, through a favourable country. 
A part of the line is completed with wooden locks, at an expense of 
about 210,000 per mile. 

OHIO. 

Ohio State Canal. — Length 306 miles, by way of Cuyahoga, Tus- 
carawas, Muskingum, and Scioto rivers, from Cleveland, on Lake 
Erie, to Portsmouth, on the Ohio river. Begun in 1825. Now pearly 
finished ; a part having been navigable for t\vo or three years. Lock- 
age 1 185 feet. Cost of canal less than 10,000 dollars per mile. 

It is proposed to connect the above canal with the Pennsylvania 
canal at Pittsburg, either by way of the Cuyahoga and Big Beaver, 
or by way of the Sandy and Little Beaver. 

Miami Canaly Ohio, — Length 265 miles from Cincinnati, on the 
Ohio, to the lower Rapids on the Maumee of Lake Erie. Cost about 
12,000 dollars per mile. Lockage from the Ohio to the summit 511 
feet ; from summit to the lake 378. Total 889 feet. The distance 
from Cincinnati to Dayion, about 70 miles, is navigable, and profit- 
able. 

INDIANA AND ILLINOIS. 
Canals are contemplated to connect the Wabash river with Lake 
Erie, and the Illinois river with Lake Michigan. The National Go- 
vernment has made grants of land in aid of these works. 



CHAP. IX. 

Description of RJlIL'ROADS in the United States. 

MASSACHUSETTS. 

Quincy l?at7-i?oa(2.— From tide water near Boston, to stone quar- 
ries ; distance 3 miles. Cost about 1 1,000 dollars per mile. Finish- 
ed about 3 years since. Profitable. 

A company is incorporated, to make a rail-road from Boston to 
the Connecticut river, near Brattleboro, Vermont, 160 miles, from 
whence it is proposed to extend it to Lake Champlain. Rail-rpadt 
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are alio proposed from Boston to Albany, N. Y., and to Providence, 
R. I. The routes have been surveyed by direction of the legisla- 
ture* 

NEW YORK. 

Albany and Schenectady Rail-Road, — Length about 18 miles. It 
is understood this work will be commenced the present season. 

NEW JERSEY. 

Camden and jimboy i?ai7-/?oarf.— Extent about 65 miles from the 
Delaware, opposite Philadelphia, to Amboy, N. J. The slock of 
this company is already above par. The work will probably be com- 
menced this year. The route will be up the Delaware as far as Bor- 
dentown. 

PENNSYLVANIA. 

Pennsylvania Railway. — From Philadelphia by way of Lancaster 
to Columbia, Lancaster county, on the Susquehanna river. Distance 
84 miles. Cost about £15,000 per mile, if made with iron and stone. 
The graduation and bridging of 40 miles will probably be complet- 
ed this year. Grade 28 feet to the mile. 

Allegheny Portage Railway. — Length 38^ miles from Frankstown 
to Johnstown, connecting the Pennsylvania canal. Estimated cost 
with tunnel, and locomotive and stationary engines, and self-acting 
planes, 8936,000. Not to be commenced till 1831. 

Mauch Chunk Railway. — Length 9 miles from the coal mine to 
the Lehigh river. Of wood and iron. Sleepers oak ; rails pitch-pine. 
Iron plates I by 1^ inch. Cost of single track 3050 dollars per mile. 
Completed about 3 years since. 

Schuylkill West-Branch JRai/wfly.— Extent 13 miles from Schuyl- 
kill Haven to the coal mines op the Broad mountain, (including a 
branch of 2^ miles). Commenced October 1st, 1829. The rails are 
now laying, and will be completed June 1st, 1830. Grade 27| feet 
to the mile. Cost between 6500 and 7000 dollars for double track 
intended for locomotive engines. Sleepers while oak 10 to 12 inches 
broad. Rails white oak 4 by 7 inches. Iron ^ by l^ inch. Width 
between the rails 4 feet 8^ inches. There are 54 bridges on the 
road, reckoning each arch as a bridge. Where the foundation is not 
rocky and solid, three trenches 18 inches wide and 18 inches deep 
are dug lengthwise of the road, and filled with large broken stone 
upon which the sleepers rest. These trenches serve as drains and 
keep the road dry. 

For rapidity of execution and excellence and economy of plan and 
workmanship, this road probably exceeds any that has been made. 
It is worthy the examination of every person interested in, or curiou» 
concerning railways. 

Engineer Mr. Sam. H. Kneass. Superintendent Dr. Benj. Kugler« 

Mill Creek Railway, — Extent about 3 miles from Port Carbon, 
Schuylkill county, up Mill creek to coal mines. Single track. Rails 
wood 3 by 5 inches, covered with iron -/y by l^ inch. Cost about 
1450 dollars per mile including iron. In operation in 1829. It is 
intended to extend this railway up the Broad mountain. 

Schuylkill Valley J?flr</way.— Extent 10 miles from Port Carbon 
eastward up the valley of the Schuylkill nearly to its head. Gradu- 
ation 27 to 54 feet to the mile. Rails of wood 3 by 5 inches, to be 
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covered with iron. Double tracks. Cost near 3000 dollars per mile 
exclusive of iron. This railway was used kMt yea^JDr transporta- 
tion upon the wooden rails. They are to be plated with iron the 
present year. The route passes through an abundant coal district. 
Superintendent Mr. — Lawton. 

There atre lateral wooden railways connected with the above whi(^ 
cost 640 dollars per mile for single tracks. 

Mount Carbon Railvfoy, — Extent 9 miles of double vay, from 
Pottsville up the Norwegian creek to the forks, and thence up the 
iMfo branches to numerous coal veins. Rails wood, 6 by 8 inche)^ 
with iron plates f by 2 inches. Probable cost about 6000 dollars per 
mile, including half a mile of expensive arched foundation at the 
landing. Engineer Mr. William R. Hopkins. 

Xatkawaxen i2st7«^y.»--£xtent 16 miles from the termination of 
the Lackawaxen canal at Honesdale, Wayne county, to the coal 
mfnes at Cafbondale, on the Lackawanna, passing through Kixes* 
Gap in the Moosic mountain. An ascent and descent of 1812 fe^t 
is overcome by 8 inclined planes ; at 5 of which on the western sicje 
of the mountain, there are stationary engines. Cost about 12,000 
dollars per mile, Including engines, Sec In operation in 1839. Ob- 
ject, conveyance of coal. 

watara Rail-way. ' Intended to extend from the head of the feed- 
er 'of the Unioh Canal, to coal' mines on the head waters of the 
Swatara* 

"LykfM* VutUy Rail^road. Ineorporated 1830. Intended to ex- 
tend about 16 miles from the Susquehanna river, near Millersburg, 
in 'Dkuphin county, to the coal mines in Dauphin and SchuyUail 
counties, near Gratz Town. 

Bsa-ver Meadow Rail-road. Incorporated 1850. To extend frotji 
tht excellent coal quarries at the Beaver Meadow, Northampton 
cdnnty, to the Schuylkill, the Lehigh, or the Delaware, at the op- 
tion of the company. 

Xittlc Schuylkill Rail-road. Extent about 18 miles from the 
mouth of the Little Schuylkill, up the valley of the stream to the 
coal mines at Tuscarora, Mauch Chunk, and Panther mountains. 
A branch is to leave the river near Greenfield, and pass north-west- 
wardly through the Tuscarora mountain by a tunnel of near ^^ of 4 
mile. This rail-way is to be commenced about the. present time, 
under the superintendance of Dr. Kugler. Will probably be com- 
pleted next year. . 

Fine Creek Rail-road. To extend about 12 miles from the Sharp 
mountain, down Pine Creek, to join the Schuylkill at the mouth of , 
Pine Creek. Not ycj commenced. , 

DELAWARE. 

Mew Castle and Frenchtown Raii-way. Extent 16 miles, to con-, 
nect the Delaware with the Chesapeake, on the route between Phir 
ladelphia and Baltimore. The ground is now under survey, and th6 
work will be promptly prosecuted. 

MARYLAND. 

Baltimore and Ohio Rail-way. Extent between 300 and 400 mfles 
from Baltimore to the Ohio river, at a point not' ye\ determined^ 
The work is nearly cpmpleled for about 13 thills. In progress for 
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about 53 tniles further. Cost of the first 13 miles, between 50,Q0O 
and 60,000 dollars per mile. Estimated cost for the whole ciistance 
22,000 dollars per mile. 

Rails of pitch pine, supported upon cedar sleepers, and plated 
with iron | inch by 2 inches. For locomotive engines. 

Baltimore and Susquehanna. Rail-way, Intended to extend from 
Baltimore to ttie Susquehanna, at Pennsylvania line, with a branch 
to York, Pa. About 60 miles. 

SOUTH CAROLINA. 

Charleston and Hamburg Rail-way, Extent about 150 miles from 
Charleston to Hamburg, on the Savannah river. Rails of iron, 
supported on stone. Cost not ascertained. A part of the line is 
understood to )e completed. 

KENTUCKY. 

Lexington and Ohio Rail-way, Incorporated. To extend from 
Lexington to the Ohio river, probably at Louisville, or at Maysvillc, 
Stock subscribed 1830. 



CHAP. X. 

Suggestions for Future Improvement. 

The sections of country on which artificial improvements are both 
most desirable and profitable, are those between which considerable 
intercourse subsists, or may advantageously be established: but 
between which natural channels of navigation do not subsist, or are 
very circuitous. 

Upon a glance at the map of the United States, there are three 
great routes which strike the eye as those on which rail-roads would 
be particularly advantageous and probably lucrative. 
. The first of these starts at the Mississippi river, near the lead 
mines in the north part of Illinois, and proceeds eastwardly over 
the table land of Illinois, Indiana, and Ohio, to the western part of 
Pennsylvania, whence by diverging lines, it may communicate with 
tide water on the Potomac, the Chesapeake, the Delaware, and the 
Hudson. See the yellow line on the mafi of the United States, It com- 
municates with Lake Michigan, with steam boat navigation on the 
Wabash and Illinois, and with the Ohio canals. 

The country for the greater portion of the distance, is extremely 
favourable, being on the height of land between the Ohio and the 
Lakes, crossed by few streams, and the land extremely level. 

The comparative distances to tide water by rail-way, and by wa- 
ter communication, from various places on the route, may be seen 
in round numbers in the following 

16 
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TABLE: 

By rail-way. 
From lead mines, 900 miles. 

Head of Lake Michigan, 750 

Head waters of Illinois river, 700 
Head of Wabash, 600 

Summit of Miami Canal, 560 

Do. Tuscarawas Canal, Ohio, 420 

The distances where a* is annexed, are reckoned through the New 
York canal, which would require trans-shipment, as well as a dan- 
gerous lake navigation; and they are reckoned only to Albany. 

The construction of the abovementioned rail-way, would increase 
the value of United States' lands to the full cost. of the work. 

The country through which it would pass, is an extremely fertile 
one: and a great portion of it is so level, that the road might be 
nearly straight. The greater part of the lead, of which 1 2 millions 
of pounds per annum, are already dug, would pass by the rail-way, 
and the communication with navigable waters and canals would 
create an immense business. 

The second route suggested, is one to connect the head waters of 
the Tennessee river with the Atlantic at Richmond, Washington, 
Baltimore, and Philadelphia. (See the route in map,) The road 
should extend to steam navigation, say the junction of the Holston 
and Clinch: another rail-road should extend from the Tennessee to 
Tuscaloosa, Alabama, connecting with steam navigation by the 
shortest route to Mobile: from the latter place a rail-road might be 
carried to New Orleans. 

A branch might extend to the gold region in North Carolina; and 
another through Cumberland gap to the Cumberland river in^Ken- 
tucky. 

The distances from the head waters of the Tennessee, Cumber- 
land, and Kenhawa rivers to tide, by way of New Orleans, vary 
from 1900 to 2300 miles. By the rail-way, they will be from 400 to 
600 miles. The rail-way should extend to the Susquehanna in Penn- 
sylvania, so as to intersect with the canals and rail-ways made, or 
in progress, to extend to Richmond, Washington, Baltimore, and 
Philadelphia. 

The third route would extend from Portland, or Wiscasset, in 
Maine, to Milled geville, Georgia, for the accommodation of the 
populous towns in the vicinity of the Atlantic coast. In case of war, 
the business of such a road would be incalculable, and its utility 
most important. At all times the number of passengers on the 
route, would probably be sufficient to pay for a reasonably construct- 
ed rail-road. These, added to the conveyance of light goods, and 
in many cases heavy goods, would make the road very profitable. 

Among the places accommodated, would be Portsmouth, New- 
buryport, Salem, Boston, Providence or Hartford, New Haven, 
New York, Newark, New Brunswick, Trenton, Philadelphia, Wil- 
mington, Port Deposit, Baltimore, Washington, Alexandria, Fre- 
dericksburg, Richmond, Petersburg, Fayetteville, Raleigh, Colum- 
bia, Augusta and Milledgeville. Distance about 1400 miles: of 



Digitized by VjOOQIC 



Suggestions for Future Improvements. 1 15 

which 640 north of Washington, and 760 south. See the route on 
the mafi. 

The country would generally be very favourable, except that (he 
expense of bridges would be great. 

The three routes above named, would amount, including a branch 
through New York, from Ohio to Albany, to about 3300 miles, and 
could be made for a sum of* from 33 to 40 millions;* a large sum, 
but not burthensome to the large section of country which would be 
benefited. 

The execution by the national government, if within its authori- 
ty, would be very easy in a period of less than 10 years. If it be 
the final deliberate determination of Congress and the people, that 
ihe execution of such works is within the power of the national 
government, with the consent of the states through which they 
pass, then undoubtedly an extensive and liberal system is the most 
proper and fair one. 

The above works might be executed upon the conditions that the 
tolls to be collected by the national government, should not exceed 
a profit of 6 per cent.: and that the states should have the privilege 
of purchasing at cost, and charging the same toll. 



CHAP. XL 

Suggested Improvements in Pennsylvania. 

Though Pennsylvania has already a great extent of Csinals and 
Rail-roads, yet she has more inducements to make further additions 
than can be found in perhaps any country. The chief supports of 
canals have been the mineral productions of the earth. Wherever 
they were abundant, canals have been profitable. 

Coal, salt, and iron are the species of those productions which 
are most used. Pennsylvania has its anthracite coal, in abundance 
of quantity, excellence of quality, and facility of mining, unequal- 
led upon the face of the earth. She has bituminous coal of excel- 
lent quality and inexhaustible quantity, extending from Bradford 
county, on the New York line, to Somerset, on the Virginia boun- 
dary, and covering a great portion of country west of the Allegh- 
any mountain. Salt also, is found from Susquehanna countyt in the 
jiorth,to Bedford in the south, and in various portions of the west- 
em section of the state, coal being always found in the vicinity, 
with which to boil the salt water. Iron may be profitably worked 
in perhaps a majority of the counties of the state, the quality being 
generally superior. There is much good land, and abundance of 
lime stone, which may be conveyed on rail-roads to fertilize that 
which is less productive. The state has an Atlantic city, of which 
its founder said there was not one on the earth better seated ; and a 
thriving western city, possessed of great advantages both for manu- 

• A double rail-way /or Aor»c*, might be made for 13 miUion». 
•\ Thesalt water on the Wya1u»ing creek, Sukquebanna couut/i it said to btt 
even superior to that at 8aluia» New York. 
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factures and commerce. The mineral 'wealth, and the abundant 
water power of Pennsylvania, must mak& it a country abounding in 
manufactures, which are an important auxiliary to 4iie productive- 
ness of rail-roads. 

The most convenient outlet to the ocean, from the very fertile 
country extending westward from the Alleghany to the Mississippi, 
lies through Pennsylvania. That country, having little water power, 
will probably always export largely of agricultural produce, and 
import largely of manufactures. Its business alone would occupy 
a rail-road through Pennsylvania. 

Such a state cannot err, nor lose, by extending rail-roads, on an 
economical plan, through every county. 

The first desirable line that I shall notice, is one to connect Lake 
Erie with the ocean. It has been proposed to establish a commu- 
nication by canal to Pittsburg, by way of the Shenango and Big 
Beaver Creek, a distance of 168* miles. This route would afford a 
slender prospect of business to pay for the construction of the ca- 
nal. The distance from Erie to Philadelphia, by the route and the 
Union Canal, would be 589 miles, with two trans-shipments at the 
Alleghany Rail-road: while the distance from Lake Erie, to tide 
water at Albany is but 362 miles by canal, and produce could come 
to Philadelphia cheaper that way, than by Pittsburg. 

A rail-way of less than 200 miles through the northern counties, 
to the present termination of the Pennsylvania Canal, at the Muncy 
Hills, at the Lycoming county line, could be made for horses at 
S3 500 per mile, less than one-third the probable cost of the canal 
to Pittsburg; and the distance to Philadelphia, by this route, would 
be one hundred and forty miles nearer than the other, and the trans- 
portation cheaper in proportion, if toll were charged according to 
the expense. Not a stationary engine would be required on the 
route. It might go by Pine Creek and Coudersport, or by the 
Driftwood branch of the Susquehanna. Or it might proceed by 
Bennett's branch of the Susquehanna, and the 'north end of Elk 
mountain, in Clearfield county, to Toby's Creek, Hemlock Creek, 
and Oil Creek, in Crawford and Venango counties. The last route 
might require a stationary engine. Either course would^accommo- 
date parts abounding in bituminous coal, iron and salt. 

Another route, which would accommodate a more settled country, 
and perhaps more rich in minerals, would leave the Susquehanna 
at Selinsgrove, Union county, and pass by Penn*s Creek Valley to 
Belfonte, thence to Phillipsburg, Curwinville, &c. in Clearfield 
county, thence to the mouth of the Mahoning, on the Alleghany 
river; thence westward to the Ohio line. This might intersect a 
road from Erie to the mouth of Kiskiminetas, which would accom- 
modate trade going either to Pittsburg or Philadelphia. The only 
difficulty on this route, would be the Alleghany mountain, which 
would be crossed obliquely, at a lower place than those further south. 
The iron,-coal, and salt on the Alleghany river, and the country toward 
the Susquehanna, would make this route profitable, without other 
aid. The Clearfield county bituminous -coal might be brought by it 
to Philadelphia, lower than the Richmond coal is sold. 

A second object of importance, would be the accommodation of 

• 180, if by way of French Creek. 
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the south-western counties, by continuing the rail-way 'from Colum* 
bia, Lancaster county, to Washington, Pa., with a branch to Pitts- 
burg. This route would have numerous passengers, a great winter 
trade, and would bring the business of the south-western counties 
to Philadelphia. It might pass through the Blue mountain at 
McAllister's gap, at Roxbury, Franklin county, through Sideling 
hill by the gap of Sideling hill creek, at the Bedford and Hunting- 
don line, and through Chesnut hill, by the head of Jacobs creek. 
There would be still the Tuscarora, the Alleghany, and the Laurel 
mountains to pass. With a liberal ascending and descending gra- 
duation, however, there would be no very serious difficulty, self- 
acting planes being used on the Alleghany. Perhaps, as this route 
is not very distant from the canal, a single rail-way for steam en- 
gines^ might answer. 

A third primary object would he the formation of a near connexion, 
between Philadelphia and the Anthracite Coal Region of Schuylkill, 
Northampton and Luzerne counties, as well as the region of salt and 
bituminous coal in Susquehanna, Bradford, and Tioga counties. 

If coal can be delivered at Philadelphia as cheap as it is sold in 
Liverpool, the annual quantity sold will amount to millions of tons; 
and the Schuylkill and Lehigh navigation will be insufficient for its 
transportation.* The best coal is sold at Liverpool at 1 5 shillings 
per ton, equal to 83,3^; or, to @3,60, if the difference of gold and 
silver currency be considered. Notwithstanding a heavy export duty, 
large quantities are shipped. Let us see if coal can be delivered as 
low at Philadelphia. We will take the Luzerne county coal, which 
is the most distant anthracite. That coal can be mined at 40 cents 
per ton, the veins being nearly horizontal. If sold at 80 cents it will 
pay a handsome profit. The distance to Philadelphia is 100 miles 
in a right line. We will suppose it 120 by a rail-road, on the best 
route. The coal being 700 feet higher than Philadelphia, the trans- 
portation will be cheaper than if they were both on a level. 

Suppose an engine to go and return in 3 days, carrying 40 tons. 
Engine 3000 dollars, — 20 per cent, per annum, for interest 

and repairs for 3 days, 6 00 

Wagons for 40 tons, at 2000 dollars, — 20 per cent, per an- 
num, is for 3 days, 
2 men and 1 boy, at 553,50 per day, 
Tallow and oil. 
Coal for engine, 4800 lbs., say 2 J tons, at 80 cents, 

Total for transportation of 40 tons, 
Add cost of 40 tons coal at 80 cents, 
Toll at 60 cents per ton, on 40 tons. 

Total cost of 40 tons at Philadelphia, g79 74 

5579,74, say 552 per ton. 

Three dollars per ton at Philadelphia, will certainly afford a profit, 
if the toll be at 60 cents. Suppose the rail-road to cost one million 
of dollars, rails being wood and iron, graduation 60 feet per mile one 
way, and 40 the other ; then 400,000 tons at 60 cents, would pay 

• Near two millions of tons per year are shipped from the neighbourhood of 
Newcastle, England. The quantity mined in that country probably amounts to 
five millions of tons yearly. 
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340/X)0 dolUrt per year, or 24 per centom, in addidon to a large in- 
come from passengers. 

By such a road, the coal of Luzerne can be rendered raluable; 
but the great distance it now travels to market, gives other coal so 
much advantage, that it is nearly useless. 

A very eligible route to the coal regions, is, to follow the Schuyl- 
kill and Little Schuylkill to the source of the latter, then descend the 
Catawissa creek to the bend on this side Bucks mountain, thence 
pass eastward to Black creek and through its gaps in the Bucks and 
Nescopeck mountains to the Susquehanna, at the mouth of the 
Wapwallopen. See the Ma/i$ of Tanner or Meluh. A branch could 
extend to CaUwissa, and thence to Pennsborough, uniting with 
the line to Lake Erie. 

But a more direct route would be from Philadelphia by the best 
course to the head waters of the Perkiomen or Manatawna, in Berks 
CO., near numerous iron works and iron ore ; thence to the Blue moun- 
tain, about 8 miles east of the Hamburg gap, where is a favourable 
place for a tunnel of half a mile ;* thence crossing the Little Schuyl- 
kill to Greenfield, and through the tunnel making in the Tuscarora 
mountain ; thence directly north to Catawbsa creek, passing the 
Broad mountain east of the head of Mill creek and Little Mahanoy. 
A tunnel of ^ of a. mile through coal in the Mahanoy mountain 
would be needed, for which the coal passing ovit would pay at a small 
toll. This route would be 20 miles nearer than the former, and 
would cost much less. 

The above route would be 120 miles to the coal mines, to which 
the distance by the Union and Pennsylvania canal is 265 miles. 

From the mouth of the Wapwallopen to the New York line, the 
best route would probably be up Shickshinny creek, and over the 
table land at the sources of the Loyalsock creek, thence down the 
south branch of the Towanda creek. A survey, however, would de- 
termine the question. 

It would be advisable for the city and liberties of Philadelphia, and 
the county of Luzerne, to make the above railway, if authorised, as 
it would be of immense importance to the citizens of each county. 

The contemplated canals of 186 miles from Pittsburg to Erie : 
46 miles from Muncy hills to the Bald Eagle, and 102 miles from 
Nanticoke falls to Tioga point, would, at 15,000 dollars a mile, cost 
5 millions and 70,000 dollars. Rail- ways might be put thus : 
Double rail'Way to Susquehanna, north branch, 120 

miles, at 8000 dollars per mile. 896C,000 

Do. thence to Tioga point, 80 miles for horses, at 

3000 dollarsjt 240,000 

Double rail-way from Susquehanna to Lake Erie 

and Ohio line; say, with branches, 250 miles, at 

8000 dollars, 3,000,000 

Single rail-way from Columbia to Washington, Pa. 

for steam power; say, at 5000 dollafs per mile, 

860 miles, 1,300,000 

Total, 84,500,000 

• The author has personally examined the route, and found it very favoura- 
ble. The mountain called the Red mountain on gome mapf» has no existence at 
the place of crossing, and there are n\imerous gaps in Summer Hil). 

I Lumber will be so cheap on this route, and on that to Erie, that tht titi- 
mates are probably full large. 
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Being less than the cost of the fore inentioned canals. The sur- 
plus would make a double rail-way from Pittsburg to the Ohio line, 
to connect with the Ohio canal, at the mouth of Sandy creek. 

A branch road should be extended in Luzerne county, up the Sus- 
quehanna and Lackawanna, perhaps to the Great Bend. A branch 
should alsofextend from the neighbourhood of Kulztown to Allentown. 

A very direct route from Philadelphia to Lake Erie^ would be to 
go to Reading ; thence to the Blue mountain, at th^ head of Little 
Swatara, crossing by a tunnel ; thence to Pine Grove, Klingerstown, 
the mouth of the Mahanoy, New Berlin, Belfonte, Curwinville, 
Franklin, &c. The country, for nearly the whole distance, would 
be rich in mineral wealth. The rail-way from Franklin to Erie, 
would give a communication to Pittsburg by steam-boats on the Al- 
leghany. The distance from Philaddphia to Lake Erie, by this 
route, would not exceed 360 miles. 



CHAP. XIIL 

•5 Brief Description of the •Anthracite Coal JRegion of 
Pennsylvania. 

The Anthracite Coal Region occupies a part of Dauphin, North- 
umberland, Columbia (probably), Schuylkill, Luzerne, Northamp- 
ton, and Wayne counties. Its southern extremity is the mountain 
called at different pl&ces, Sharp, Tuscarora, and Mauch Chunk 
mountain. The coal occupies the northern, but not the southern 
half, or side of the mountain. Its northern boundary is toward the 
sources of the Lackawanna, near Belmont, in Wayne county. Its 
eastern boundary may be considered as the Lehigh river, and a line 
drawn north of it; and its western boundary the main branch of the 
Susquehanna, although it does not extend quite to that stream, nor 
to the Lehigh, so far as ascertained. Its greatest extent from east 
to west, is about 70 miles; from north to south about 70 miles; and 
from north-east to south-west 130 miles. Its width from south-east 
to north-west, varies from 3 to perhaps 25 miles. 

The following table shows the value of the coal of this region, 
compared with that of other parts, as deduced from the experiments 
of Mr. Marcus Bull. The numbers show the time in hours and mi- 
nutes that a certain degree of heat was maintained by 1 lb. of coal 
of each kind. • 





H. 


u. 




Lehigh coal. 


13 


10-1 




Lackawaxen, 


13 


10 


1 


Schuylkill, 


13 


40 


>Pcnn. Anthracite. 


Susquehanna, 


13 


10 




Swatara, 


11 


20 J 


1 


Rhode Island, 


9 


30 




Karthans, Pa. 


9 


20 




Worcester, Mass. 


• 7 


50 




Richmond, Va. 


9 


20 




Stony Creek, Pa. 


9 


50 




Cannel, 


10 


30 




Liverpool, 


9 


10 




Newcastle, 


9 


30 




Scotch^ 


9 


30 


Digitized by V 



Google 



120 Anthracite Coal Region. 

The Pennsylvania anthracite region has been generally divided 
into three districts. I. The southern, extending from the Sharp to 
the Broad mountain, inclusive : 2. the Middle or Beaver Meadow, ex- 
tending from the Spring mountain to the Bucks mountain, and 
which should probably include tfiat on the north side of the Maha- 
noy creek from its source, to within 6 miles of its mouth : 3. the 
northern, commencing on the Susquehanna, near Berwick, and ex- 
tending up the valley of that stream to Pittston, and thence up the 
Lackawanna, to Belmont, Wayne county. The country, however, 
has not been sufficiently explored to determine whether any com- 
plete line of division exists between these tracts. Considering these 
as distinct tracts, each tract would be about 70 miles in length, and 
from 3 to 9 in width; the veins running lengthwise from south-west 
to north-east. 

The coal is found in veins varying from ia few inches to near 50 
feet in thickness. The average thickness is about 10 feet. The 
veins, lengthwise, run generally in the same direction with the moun- 
tains and valleys. They slope or dip toward the south, the upper 
edge being northward. Their inclination varies from nearly hori- 
zontal, to nearly vertical. 

At the Mauch Chunk, Beaver Meadow, and Mahanoy mines, the 
coal is found in immense masses, and may be quarried in open air at 
an expense of from 1 5 to 30 cents a ton. The large horizontal veins 
near Wilkesbarre; are mined by leaving coal pillars to support the 
slate roof, at an expense of 30 to 50 cents. The mines on the Schuylkill 
are worked by running horizontal shafts, or tunnels, into the veins at 
the foot of the hills, and from these working upwards in the vein 
toward the surface of the hill, the coal sliding down a achute^ and 
passing out on a rail-road in the tunnel. The expense of mining 
here, is now about 80 cents; but will probably be reduced to an 
average of 50 cents. 

The middle and south-eastern portions of the region, furnish the 
hardest and heaviest coal. That toward the north and the west, 
contains much hydrogen gas, and burns freely and with flame. 

The quantity of coal is inexhaustible.* There are supposed to 
be 8 veins 50 miles in length, in the Broad mountain alone. In 
working it, none of the difficulties of raising coal by steam power, 
and pumping water, are encountered. 

The quality of the coal and its cleanliness are such, that those 
who have tried it, will yse none other. 

The altitude of the coal varies from 600 to 1500 feet above tide 
water. If the descent were •Uniform, rail-roads might be so con- 
structed, that the coal would descend of its own gravity to tide 
water. 

The limits of this work, already extended beyond the intention pf 
the author, prevent further observations. A Statistical and Geolo- 
gical view of the Coal Region, is proposed to be shortly published 
by Mr. James S. Wallace, which will probably affi)rd the public in- 
teresting information. 

• The North American Coal Company liave dug 45,000 tons or coal from six 
acres of land, the last 3 years. It is supposed there are from 460,000 to 600,000 
tons more on the six acres. On Serby's run, 9 m'tles east of the Susquehanna, on 
the north of Big Mahanoy creek, in Northumberland county, a horizontal vein 
or mass is found near one mile in width, and fifty feet in depth, of very pure coal. 
The Beaver Headow and Mauch Chunk mines present analogous phenomena. 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



> J I pi Jtf li^lVHWSHipi 



Digitized by VjOOQIC 



J i;: X 7 ^ 









^■.T 



.< .-. ■: /'..■;, 



1 1 :/c <' 



.) " 



Digitized by VjOOQIC 






Digitized by VjOOQIC 



I mtimm^tmmmiim 



•A*. 



This book should bo ratumed to 
the Library on or before the last date 
stamped below. 

A fine of five cents a day is incurred 
by retBimng it beyond the specified 
time. 

Please return promptly. 







r 



IW^ 




H 





Google 



